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INTRODUCTION 


This  thesis  is  concerned  with  the  developing  of  two  units  of 

work  in  general  science  at  the  secondary-school  level*  In  the 

classes  on  the  Unit  Method,  taught  by  Professor  Roy  0.  Billett,  ten 

1/ 

basic  principles  of  education  were  learned,  assumed  and  applied  to 

5/ 

the  work  in  general  science.  They  include: 

1*  Education  is  guided  and  directed  growth. 

2.  The  pupil’s  activities  are  given  direction  only  by  some 
goal  which  he  seeks  to  attain. 

3.  Problem-solving  is  the  way  of  human  learning. 

4.  Learning  is  most  effective  when  optimally  emotionalised. 

5.  Persistence  in  problem-solving  behavior  veries  with  the 
explicitness  of  the  directions  which  the  pupil  receives. 

6.  Knowledge  of  progress  is  a powerful  incentive  to  effort. 

7.  All  learning  involves  integration. 

8.  Application  of  the  learning  product  is  essential  if 
transfer  is  to  take  place. 

9.  Independence  in  learning  is  encouraged  if  the  pupil  has 
some  ohoice  in  what  he  is  to  do,  how  he  is  to  do  it, and  when  he 
is  to  do  it. 

10.  Because  of  the  fact  of  individual  differences,  pupils 
should  not  begin  nedessarily  at  the  same  place,  nor  proceed 
necessarily  at  the  same  rate,  in  the  same  direction,  and  in  the 
same  way. 

1/Roy  0.  Billett,  Fundamentals  of  Secondary-School  Teaching,  Houghton 

Mifflin  Company,  Boston,  1940.  pp.  174-175. 

2/Loc.  cit. 


( 


Digitized  by  the  Internet  Archive 
in  2016  with  funding  from 
Boston  Library  Consortium  Member  Libraries 


( 


https://archive.org/details/unitorganizationOOyukn 


iv 

The  units  state  in  simple  language  just  what  new  capacities  for 
and  tendencies  toward  behaviour  the  pupils  are  to  have  an  opportunity 
to  achieve,  and  include  definite  planned  problem  situations  where 
each  pupil  , according  to  his  aptitudes,  abilities,  and  interests 
and  aims  may  meet  to  some  degree  these  desired  capacities  and  ten- 
dencies by  the  problem-solving  route* 

The  two  units  have  been  planned  for  and  presented  to  four  ninth- 
grade  general  science  classes*  The  important  results  looked  for  are 
(1)  the  comparisons  with  previous  methods  of  teaching  and^(2)  to 
verify  which  activities  demand  which  do  not, contribute  to  the  ed- 
ucative growth  of  the  pupils* 

Previously  developed  units  which  are  available  and  accessible 
can  be  of  great  value  to  classroom  teachers*  It  has  been  the  writers 
experience  to  have  used  in  his  classes  several  of  the  units  prepared 
at  Boston  University*  In  as  much  as  there  are  few  well  developed 
units  in  general  science  the  writer  hopes  that  these  two  units  will 
be  a contribution  to  others  in  this  field. 
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UNIT  ORGANIZATION  OP  THE  TOPIC, 
THE  EARTH’S  SURE ACE 


Objectives 

General 

Understandings 

1,  That  evolutionary  pro- 
cesses are  characteristic 
facts  of  the  earth. 


2,  That  the  present  is 
the  key  to  the  past. 


3*  That  the  earth  seems 
very  old  when  its  age  is 
measured  in  ordinary  units 
of  time. 


4,  That  as  a result  of 
the  action  of  natural 
forces,  the  surface  of  the 
earth  has  undergone  and 
continues  to  undergo  change. 


Specific 


1,  (a)  That  the  procession 
of  fossils  in  the  rocks 
show  a progressive  series 
from  simple  to  complex, 

(b)  That  streams  and 
mountains  have  a regular 
cycle:  youth,  maturity 
and  old  age, 

2,  (a)  That  strata  of  rocks 
occur  in  the  earth’s  sur  - 
face  in  the  order  in 
which  they  were  deposited 
except  in  over  thrust 

f ault  s • 

(b£  That  the  sedimentary 
rocks  help  determine  the 
four  great  periods  in  the 
history  of  the  earth, 

3,  (a)  That  geological  pro- 
cesses are  slow  processes, 
(b)  That  the  earth’s  age 
is  expressed  in  billions 
of  years. 

4,  (a)  That  present  environ- 
mental conditions  may  be 
seentas  products  of  this 
action# 

(b)  That  two  groups  of 
forces  are  constantly 
acting  on  the  earth’s 
surface;  one  building  it 
up,  the  other  tearing  it 
down. 
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(c)  That  every  stream  is 
part  of  a large  drainage 
system  which  is  wearing 
down  the  land  surface. 

(d)  That  what  water  breaks 
down  in  one  place  it 
builds  up  at  another. 


5.  That  the  earth’s  crust 
contains  substances  of  great 
importance  to  man. 


60  That  there  are  enough 
of  the  world’s  resources, 
and  to  spare,  to  satisfy 
the  needs  of  all  people* 


5.  (a)  That  the  extensive 

use  of  iron  is  due  to  the 
distribution  of  its  ores, 
the  ease  of  its  extract- 
ion, and  its  useful 
physical  properties* 

(b)  That  the  character  of 
our  civilization  is 
determined  in  large  part 
by  the  availability  and 
use  of  the  various  metals 

6*  (a)  That  the  resources  of 

the  world  have  been  un- 
evenly distributed  in  the 
earth’s  crust. 

(b)  That  it  is  possible 
for  man  to  effect  a more 
even  distribution  of  the 
world’s  metals* 
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CHAPTER  I 


UNIT  ORGANIZATION  OF  THE  TOPIC, 

THE  EARTH* S SURFACE 

General  statement  of  the  unit . — The  earth  was  formed  many  million 
of  years  ago.  Many  changes  have  taken  place  to  cause  the  earth's  sur- 
face to  become  what  it  is  today.  Evidence  seems  to  point  to  two  major 
forces  operating  gradually  and  ceaseslessly;  one  group  of  forces  re- 
sults in  the  building  up  of  the  low  lands  and  the  other  in  tearing 
down  of  the  uplands.  Many  of  man's  activities  depend  upon  the  nature 
of  the  earth's  surface  and  an  understanding  of  these  forces  is  nec- 
essary for  man  to  establish  a more  satisfactory  adjustment  to  the 
natural  environment  in  which  he  lives. 

Itemized  statement,  or  delimitation,  of  the  unit.— 

1.  Although  there  exists  a great  divergence  of  views  as  to  the 
origin  of  the  earth,  most  scientists  are  agreed  that  the  earth 
is  very  old.  The  earth's  age  is  estimated  to  be  about  two 
billions,  or  more,  years  old. 

2.  Ceaseless  activity  and  constant  changes  are,  at  present,  taking 
place  in  and  on  the  earth,  and  have  been  going  on  in  the  long 
distant  past. 

3.  The  earth's  surface  has  been  given  its  present  appearance  as 

a result  of  the  action  of  three  great  processes:-  (1)  diastro- 
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phism,  or  the  raising  and  lowering  of  the  earth* 8 crust j (2)  vul- 
canise, •which  is  the  moving  of  molten  rocks  from  one  part  of  the 
earth  to  another;  (3)  denudation , which  tends  to  remove  those 
part 8 of  the  earth* a surface  which  are  too  high  and  fill  those 
part 8 that  are  too  low* 

4.  Denudation,  itself,  involves  two  classes  of  processes:  (1)  weather- 
ing, or  the  breaking  down  of  rock  into  soil  by  the  action  of  such 
agencies  as  plants,  activities  of  animals,  temperature,  wind  and 
water;  (2)  erosion  and  sedimentation  which  is  redistributing  the 
material  on  the  surface  of  the  earth  and  producing  forces  which 
are  resulting  in  constant  changes  of  the  earth's  crust*  Some  of 
these  changes  appear  as  earthquakes,  other  changes  are  volcanic* 

5.  Most  of  the  land  is  covered  by  mantlerock  which  consists  of  soil, 
subsoil  (clay  or  gravel)*  Below  the  mantle  rock  is  bed  rock,  and 
below  this  layer  is  the  solid  core  of  the  earth  known  as  the 
lithosphere* 

6*  Of  the  ninety-six  known  elements,  three-fourths  of  the  earth  is 
made  up  of  oxygen  and  silicon*  The  next  most  abundant  elements 
are  aluminum,  iron,  caleium,  sodium  and  potassium* 

7.  The  rocks  of  the  earth  are  divided  into  three  great  groups, 

according  to  the  way  in  which  they  were  formed:-  (1)  igneous  rock, 
which  is  formed  by  the  hardening  of  a hot  liquid  substance  inside 
the  earth  from  pressure  under  conditions  of  high  temperature. 

It  is  really  hardened  lava  in  its  rock  state*  Granite,  basalt, 
and  obsidian  are  the  common  examples;  (2)  sedimentary  or  strat- 


' • - ' • ‘ . 

■ ■ ■ t ■ 

, 

' '•  f 

- • '• 

'•  ■ ri-  • ‘ : 

- 

■ 

: 

■ ■ ■ : 1 '.r  > . - , *■  ■ 

* r ■ ■ . . ■ , ■ " ... 

« • ' j 

< • • •••  f' 

■ ’ 

■ --  b,  . . 

« iso-jg  ©Giri^  o tax 

* 

! ' * . ' fyjfl 


3 


ifted  rock.  These  letter  rocks  are  formed  by  deposits,  blown  by 
the  wind,  or  carried  by  moving  glaciers,  or  running  streams* 

These  deposits  are  cemented  together  and  hardened.  Crumbled 
crystalline  rocks  are  often  found  in  this  state. 

Stratified  rock  occurs  in  layers,  usually  relatively  thin  because 
they  are  covered  up  with  a new  layer  of  sediment.  The  older  a 
layer  of  rock  is,  the  deeper  down  in  the  earth  it  lies.  Lime- 
stone, sandstone  and  shale  are  the  common  examples  of  this  type; 
(3)  metamorphic  rocks,  such  as  gneiss,  marble,  quartzite  and 
slate  are  formed  from  both  igneous  and  sedimentary  rocks  if  the 
original  deposit  has  been  greately  changed  by  subsequent  pressure, 
heat  or  chemical  action.  A common  example  is  the  change  of  shale 
to  8 late  and  limestone  to  marble. 

8.  Four  great  periods  in  the  history  of  the  earth  have  been  deter- 
mined by  a study  of  the  fossils  found  in  the  strata  of  sedimen- 
tary rocks:—  (1)  Protero zoic— the  oldest  layer,  period  of  early 
sedimentary  deposits;  (2)  Paleo zoic— next  oldest  layer  contain- 
ing small  fossils;  (3)  Mesozoic— a period  of  middle  life; 

(4)  Cenozoic— a strata  of  more  recent  life. 

9.  The  oldest  rocks  on  earth  are  of  igneous  formation  and  form  a 
foundation  series  called  the  Arche an  era*  They  are  known  to 
to  be  very  old  because  they  lie  beneath  the  sedimentary  rocks. 

10.  Chemical  elements,  sometimes  singly,  sometimes  in  combination 
occur  in  the  earth’s  crust  and  are  known  as  minerals*  Quartz. 


feldspar,  and  mica  are  very  common  and  are  mined  and  quarried 
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for  us©  by  man* 

11.  Minerals  may  b©  identified  in  a general  -way  by  various  features 
of  oolor,  lustre,  hardness,  solubility  in  water,  and  solubility 
in  acids. 

12.  Ores  are  minerals  with  their  accompanying  rook  materials  as 
taken  from  the  earth.  The  valuable  mineral,  usually  a metal, 
must  be  separated  from  the  rook  waste. 

13.  Although  minerals  exist  in  abundant  quantities,  they  are  un- 
evenly and  widely  scattered  all  over  the  earth. 

14.  Scientists  have  evidence  for  believing  that  the  interior  of 
the  earth  has  a temperature  somewhere  between  40,000  degrees  F. 
and  90,000  degrees  F,  at  the  center.  The  source  of  the  heat 

is  not  definitely  known,  but  it  is  believed  to  be  due  to;  (l)  the 
presence  of  radioactive  materials;  (2)  the  pressure  of  rock 
materials  near  the  surface  of  the  earth  on  material  deeper  in 
the  earth. 

15.  Although  the  earth  is  as  rigid  as  steel,  much  of  the  interior 
is  believed  to  be  a plastic  solid. 

16.  Near  the  surface  of  the  earth  there  may  be  molten  and  unstable 
conditions  which  sometimes  cause  hot  liquid  rock  to  rise  swift- 
ly and  with  great  violence  hurl  itself  into  the  air  forming 
volcanoes. 

17.  When  the  earth  was  very  young  these  conditions  were  more  pre- 
valent, but  there  are  still  over  three  hundred  active  volcanoes 
together  with  many  dormant  ones. 
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18.  Extinct  volcanoes  are  mountains  which  now  show  no  evidence 

of  instability.  Many  of  these  are  found  along  our  eastern  coast. 
Dormant  volcanoes  and  active  volcanoes  (which  in  fairly  recent 
times  have  erupted)  are  found  located  along  the  entire  western 
coast  of  the  Americas  from  Alaska  to  Tierra  del  Fuego. 

19.  There  are  constant  movements  going  on  beneath  the  surface  of 
the  earth.  Unequal  distribution  of  weight  on  the  earth's  sur- 
face results  in  readjustment  by  cracking,  settling  and  slipping. 
If  these  movements  are  violent  enough  to  be  noticed  the  vibra- 
tions caused  are  recognized  as  earthquakes.  A crack  in  the  earth 
surface  is  known  as  a "fault". 

20.  Certain  regions  are  more  susceptible  to  earthquakes  than  others. 
Earthquake  disasters  are  preventable  when  construction  engineers 
heed  the  findings  of  seismologists  on  this  subject. 

21.  The  cooling  earth  produced  a shrinking  and  wrinkling  of  its 
surface,  thus  creating  mountains  and  valleys.  The  Alps,  the 
Southern  Rocky  Mountains,  and  the  Appalachians  are  believed 
to  have  been  made  in  this  manner. 

22.  Another  type  of  mountain  usually  standing  alone  rather  than  in 
a range,  is  the  volcanic  mountain.  This  peak  is  cone-shaped 
and  often  very  high.  Mount  Shasta  and  Mount  Rainier  represent 
cones  which  have  reached  huge  dimensions. 

23.  Sometimes  rock  beds  are  uplifted  into  great  mounds  thousands 
of  feet  above  their  surroundings  resulting  in  mountains. 

24.  Uplands  are  worn  down  by  weathering  and  wind  erosion,  and  es- 
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pecially  by  water  erosion.  Slight  hollows  make  it  easier  for 
great  volumes  of  water  to  run  off  the  higher  elevations. 

Faster  moving  water  is  more  forceful  causing  hollows  to  become 
gullies.  Gullies  are  deepened  until  they  become  ravines  and  as 
this  erosive  process  continues  the  hollow  becomes  large  enough 
to  be  called  a valley. 

25.  When  a valley  is  young,  it  is  narrow  and  its  slopes  are  steep. 

A widened  valley  with  gentler  slopes  is  said  to  be  middle-aged 
or  mature.  An  old  valley  is  wide  and  flat. 

26.  When  valleys  are  made  and  watered  only  by  rain  they  remain 
valleys,  but  if  water  from  some  other  source  is  given  them,  a 
permanent  stream  is  formed  in  the  valley  bed  resulting  in  a 
river. 

27.  When  a river  is  no  longer  outting  its  channel  deeper  and  begins 
to  meander  and  flood  its  banks  it  is  classed  as  an  old  river. 

28.  Deltas  are  formed  at  the  mouth  of  rivers  by  the  deposition  of 
sediment  carried  in  streams  from  the  uplands. 

29.  Streams  which  empty  into  oceans  carry  salts  which  have  been 
leached  from  the  soil.  An  accumulation  of  these  salts  make 
the  ocean  salty. 

30.  The  water  sphere  consists  of  oceans,  lakes,  and  rivers.  It 
was  originally  formed  by  the  condensation  of  water  vapor  in 
the  original  atmosphere.  Three-fourths  of  the  earth* s surface 
is  covered  by  water.  Plateaus,  valleys,  mountains  and  volcanoes 
exist  beneath  the  oceans  as  well  as  on  land. 
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31.  The  rocky  coast  of  Maine  is  the  result  of  the  drowning  of  irregular 
mountainous  land.  The  many  islands , bays,  promontories  and 
harbors  stand  out  as  evidence  of  this  fact. 

32.  The  rain  that  stays  beneath  the  earth  is  called  ground  water. 

This  water  dissolves  parts  of  the  rock  and  makes  it  porous. 

Where  the  rock  is  made  of  material  like  limestone  whole  sections 
are  washed  away  and  caverns  are  made. 

33.  Limestone  caves  are  formed  where  the  stone  has  been  partly 
dissolved  by  water  containing  carbon  dioxide.  Where  this 
solution  has  dripped  and  water  has  evaporated,  stalactites  and 
stalagmites  may  be  formed. 

34.  When  the  soil  on  uplands  has  been  eroded  so  that  vegetation  is 
no  longer  available  to  hold  back  water,  there  is  a rapid  run- 
off and  floods  may  result.  In  Maine,  a prolonged  rainy  spell, 
plus  unseasonably  warm  weather  following  heavy  snowfall,  is  the 
most  common  cause  of  floods. 

35.  Soil  conservation  measures  include:  (1)  checking  gullies  as 
by  check  dams;  (2)  planting  cover  crops  or  trees;  and  (3)  pre- 
venting close  grazing  by  sheep  and  cattle. 

36.  The  natural  resources  of  America  are  not  limitless.  Metals 
like  copper  and  iron  are  very  useful  to  man,  and  along  with 
other  valuables  substances  they  represent  our  natural  wealth 
and  must  be  conserved. 

37.  Hot  springs  are  springs  the  waters  of  which  have  been  heated 
by  hot  strata  of  rocks.  If  sufficient  steam  pressure  is 
generated,  the  water  may  at  intervals  be  forced  out  violently 
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in  the  form  of  geysers » 

38.  In  certain  parts  of  the  world  low  temperatures  exist  all  year 
long  and  snow  never  melts  entirely  away  resulting  in  a great 
accumulation  of  ice.  When  the  ice  begins  to  move  a glacier  is 
the  result. 

39.  The  "ice  ages"  were  periods  during  which  the  polar  glaciers 
extend  into  latitudes  which  today  are  temperate. 

40.  Evidence  of  glaciers  are  the  moraines,  both  lateral  and  terminal, 
which  are  made  of  rocks  and  earth  carried  by  the  glaciers  and 
deposited  after  their  recessions. 

41.  As  a glacier  moves  through  valleys  it  often  widens  the  bottoms 
of  them  and  smooths  their  slopes  so  that  the  river  valley  that 
was  (V)  shaped  before,  becomes  (U)  shaped  after  a glacier  has 
gone  through  it. 

42.  Irregular  surfaces,  the  result  of  glaciation  and  other  causes, 
form  the  basins  which  trap  water  on  the  land  resulting  in  the 
formation  of  lakes  and  ponds. 

43.  Given  time,  even  the  deepest  and  largest  lake  will  be  exterminated 
by  the  deposits  of  the  sediment  that  the  streams  bring  into  it. 

44.  A swamp  is  probably  the  last  stage  in  the  filling  of  a lake, 
usually  with  organic  deposits  which  later  may  become  high  and 
dry  enough  for  tree  growth. 

Probable  indirect  and  incidental  learning  products.— 

1.  An  appreciation  of  the  natural  beauty  of  one’s  environment. 

2.  An  appreciation  of  the  limitations  of  present  scientific 
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knowledge* 

3.  An  attitude  of  concern  for  the  conservation  of  our  natural 
resources* 

4*  An  attitude  of  inquisitiveness  toward  natural  phenomena;  in 
learning  how  and  why  natural  processes  take  place* 

5.  An  attitude  of  consideration  and  respect  for  the  findings  of 
scientists . 

6*  Contributes  to  these  ideals:-  (1)  elimination  of  war,  as  the 
desire  to  seek  solutions  to  the  problem  of  better  distribution 
of  the  worlds  resources;  (2)  the  abundant  life  for  all*  seen 
as  a future  possibility,  as  the  problems  of  distribution  and 
discovery  of  new  uses  for  minerals  are  solved* 

7.  An  attitude  of  wanting  to  know  the  truth. 

8*  An  attitude  of  due  respect  toward  those  engaged  in  the  search 
of  fossils • 

9.  Ability  to  think  in  terms  of  the  science  subject. 

10.  Ability  to  follow  steps  in  scientific  procedure. 

11.  Ability  to  observe. 

12.  Ability  to  generalise. 

The  unit  assignment.— 

A.  One  or  more  of  the  following  introductory  activities: 

1.  Administer  an  objective  diagnostic  test  covering  the  item- 
ized statement  or  delimitation  of  the  unit.  Analyze  results 
to  see  the  needs  of  individual  pupils  and  of  the  class  as  a 
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2.  Hold  an  extemporaneous  class  discussion  based  on  impromptu 
reports  of  newspaper  articles  describing  items  of  geological 
interest. 

3.  Exhibit  a rock  collection  and  prepare  the  bulletin  board  with 
large  pictures  of  natural  earth  surface  phenomena.  Invite 
the  class  to  examine  the  exhibits  and  follow  up  with  class 
discussion. 

4.  Hold  a free-reading  period  during  which  pupils  may  select  and 
examine  any  book  or  books  of  their  own  choice.  A classroom 
library,  previously  stocked  with  books  and  magazines  related 
to  the  subject  of  the  unit,  is  placed  at  some  part  of  the 
room  accessible  to  all  pupils. 

5.  Show  the  16  mm.  films  "Geological  work  of  Ice"  and  "Work 
of  &ivers"  (Erpi  films,  obtained  at  the  Boston  University 
School  of  Education,  Department  of  Visual  Aids).  Follow 
with  class  discussion  based  on  questions  pupils  will  have 
prepared  after  seeing  the  films. 

6.  Hand  out  the  general  study  and  activity  guide,  and  explain 
the  uses  of  the  separate  more  detailed  special  study  and 
activity  guide. 

B.  Individual  and  small-group  work.  (The  following  mimeographed 

study  and  activity  guide  is  handed  out  to  the  pupils  at  the 

close  of  the  introductory  activities) 

1.  ftead  this  study  and  activity  guide  carefully.  Check  (/) 
the  items  which  interest  you  most.  Can  you  think  of  any 
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other  really  interesting  things  which  might  be  done  in 
connection  with  the  unit?  If  so  be  sure  to  let  your  teacher 
know.  If  at  any  later  time  you  should  think  of  any  interest- 
ing activity,  not  listed  below? consult  your  teacher  about  the 
possibility  of  using  it  in  this  unit, 

2.  Field  trip,  teacher  conducts  the  olass  on  a thirty-minute 
walk  around  the  neighborhood  of  the  school  which  is  rich 
in  such  natural  formations  as,  (1)  a steep  ridge,  -whose 
sides  are  in  some  places  covered  with  vegetation  and  in 
other  places  bared,  showing  rocks  of  glacial  origin  and 
effects  of  erosion,  (2)  a rapidly  moving  brook  which  has 
cut  it*s  way  deep  into  the  earth  forming  gullies,  (3)  a 
swamp  pond  which  is  filled  with  water  during  thawing  sea- 
sons and  marshy  during  the  summer  (illustrating  a lake  in 

process  of  disappearing), (4)  a gravel  pit,  where  a rock 

1 / 

collection  is  started  and  a few  tests  made, 

3.  How  old  is  the  earth?  Consult  the  following  references  for 

the  necessary  information  and  construct  the  Geological  Time 

Table,  Indicate  on  this  table  the  five  important  eras.  The 

many  distinct  periods  into  which  these  eras  are  divided. 

List  the  outstanding  physical  events  which  took  place  during 

these  periods.  *race  the  development  of  life  from  the  very 

lowly  plants  and  primitive  animals  to  the  advent  of  mankind 

on  earth.  Also  note  the  geologist's  estimate  as  to  how  long 

these  periods  lasted  in  yeara.  "What  do  you  conclude  is  the 

Tf  Pupils  are  issued  a special  study  and  activity  guide  to 
cover-  this  excursion. 
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probable  age  of  the  earth?  (11:6)  (12:35)  (14:3-11)  (18-1). 
What  is  the  geological  history  of  Sanford?  Trace  the  past 
history  of  the  planet  Earth  as  far  back  as  is  possible  with 
you  and  account  for  it*s  development  through  the  ages.  (2:617- 
620)  (2:623-625)  (2:31-33)  (20:59). 

5.  What  is  your  time  perspective?  Draw  and  study  the  pie-graphs 
which  appear  in  (13:7-11).  How  does  the  age  of  our  solar 
system  compare  with  the  age  of  the  earth? 

6*  The  geological  history  of  the  earth  is  interesting,  but  long. 
The  class  will  be  divided  into  committees,  and  each  will 
study  one  era  and  prepare  to  report  to  the  whole  class  the  most 
valuable  and  interesting  facts  discovered.  Which  of  the 
following  eras  would  you  like  to  study:  (a)  Proterozoic  Eraf 
(■this  is  the  age  of  the  oldest  known  rocks  and  oldest  known 
glaciation* ) 3 (b)  Paleozoic  Era,  ( divides  into  eight  periods, 
the  age  of  the  folding  of  the  Appalachian  Mountains,  the 
appearance  of  life  oh  earth*  )^  (c)  The  Mesozoic  Era^  (tvhen 
volcanic  eruptions  took  place  around  this  vicinity.  )^  (d)  The 
Cenozoic  Era,  ( the  great  ice  age^  the  beginning  of  the 
mammals.)  (10:2)  (9:255-259)  (7:63-64). 

7*  Copy  the  geological  time  clock  of  the  earth  on  a large  chart 
for  your  classroom.  (1:6)  (5:493*494). 

8.  Make  a large  chart  showing  the  major  divisions  of  geological 
time  as  given  in  (1:15-16). 

9.  Write  to  the  State  Department  of  Geology,  at  your  state 
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capitol,  for  information  about  the  geology  of  the  place  where 
you  live.  Have  your  letter  checked  by  your  English  teacher 
before  you  mail  it. 

10.  What  would  the  earth  look  like  if  it  were  cut  in  half?  Is  the 
inside  of  the  earth  hot?  What  evidence  ean  you  submit  to 
prove  that  there  is  heat  within  the  earth?  How  deep  into  the 
earth  has  man  made  a boring?  What  temperatures  did  he  find 
there?  Disouss  the  recent  atomic  bomb  and  the  cause  of  it's 
great  heat.  Could  radio-active  substances  within  the  earth 
be  responsible  for  the  melting  of  rocks?  Could  pressure  of 
rock  upon  rock  produce  heat  enough  to  bring  about  a melting 
condition?  (21:46-49)  (2:612-614)  (7:9-10). 

11.  Does  a body  similar  to  the  earth  spin  more  readily  or  less 

readily  if  it  has  a liquid  interior?  Perform  the  following 
experiment  (which  you  can  repeat  at  home  if  you  wish):  Try 

to  spin  a raw  egg  on  its  end.  Does  it  spin  readily?  Is  its 
interior  solid  or  liquid?  Repeat  with  a hard-boiled  egg.  Do 
you  have  the  same  results  as  before j or  different  results? 

Check  the  results  several  times.  • Answer  the  question  of  the 
problem,  and  give  a reason  justifying  your  answer. 

12.  What  is  a volcano?  Write  up  a report  on  Paracutin,  in  Mexico, 
a volcano  whioh  only  three  years  ago  rose  overnight  from  a 
level  cornfield  and  has  tossed  up  a cone  more  than  1500  feet 
high.  Also,  look  up  Jarullo,  in  Mexico  (erupted  1759); 

Izaleo,  in  Salvador  (erupted  1770).  What  is  significant  about 
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the  location  of  these  volcanoes?  On  a map  locate  some  of  the 
other  active  volcanoes.  (2:478-480). 

13.  You  may  choose  to  report  on  some  world  famous  volcanoes. 

Choose  from  the  following:  (a)  Mount  Etna,  (b)  Vesuvius, 

(c)  Mauna  Loa,  (d)  Pelee,  (e)  Shasta,  (f)  Stromboli.  (fee 
National  Geographic  Magazine,  February  1944)  (Nature  Magazine, 
March  1946)  (2:453-458). 

14.  About  how  many  active  voloanoes  are  there  in  the  world  today? 
The  present  mountains  in  Maine  are  due  to  previous  voloanio 
activity.  Study  the  erosion  action  that  has  taken  place 
which  has  left  the  batholith  standing  on  the  surface.  What 
is  the  batholith?  (2:438-493)  (2:485-486). 

15.  Study  figures  333  in  your  text-book  which  is  a picture  model 
of  a volcano.  Make  a similar  model  out  of  wood  or  clay  and 
color  it  properly  to  indicate  lava,  igneous  rock,  sedimentary 
rock,  volcanic  ash  deposit,  an  extinct  volcano,  lava  flows, 
sills  and  dikes.  Can  you  make  it  in  such  a way  that  steam 

or  smoke  will  come  out  at  the  top?  Consult  your  teacher 
about  the  materials. 

16.  What  are  the  principal  classifications  of  rocks?  What  are 
rocks  and  how  are  they  formed?  Demonstration:  The  teacher 
will  heat  some  alum  crystals  in  a crucible  until  they  are 
melted.  The  molten  mass  will  then  be  poured  on  a plate. 

When  the  alum  cools  what  happens  to  it?  Is  it  possible 
that  other  rocks  might  have  been  formed  in  the  same  manner? 
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Write  up  your  report  as  you  -would  any  experiment.  (10:9). 

You  will  be  assigned  to  one  of  several  groups  of  pupils. 

Each  group  will  be  responsible  for  the  demonstration  of: 

(q)  How  to  test  to  identify  the  igneous  rocks,  granite  and 
gneiss,  (b)  How  to  test  and  identify  the  sedimentary  rocks, 
limestone  and  marble,  (c)  How  to  test  to  identify  sandstone, 
shale,  and  slate,  (d)  How  to  wrap  a specimen,  (e)  Demonstrate 
a collection  of  typical  crystal  forms.  (Borrow,  with  per- 
mission, from  ohemistry  supplies  closet  specimen  of  the  various 
crystals.)  (f)  The  simplified  hardness  scale,  (g)  Howto  find 
the  specific  gravity  of  a rock,  (h)  Ways  of  exhibiting  speci- 
mens. (24:  Table  of  contents)  (2:19-21). 

Desoribe  the  rock  formations  characteristic  of  your  state  or 
region  (4:8-9). 

What  kinds  of  rock  are  found  in  your  locality?  Gather  speci- 
mens of  solid  rock  that  underlies  the  soil.  You  can  often 
find  the  rock  layers  exposed  in  beds  of  streams,  along  hill- 
sides, or  in  quarries.  Study  the  specimens  and  decide  which 
kind  or  kinds  of  sedimentary  rock  you  have  found.  Have  your 
opinion  checked  ly  a teacher  or  by  some  one  who  knows  rocks. 
Head  in  reference  books  about  quartz,  feldspar,  and  mica  which 
are  common  to  this  locality.  Find  out  how  each  my  be  recog- 
nized. Could  you  identify  at  least  ten  stones  or  minerals? 
Study  our  classified  collection  and  then  ask  the  teacher  to 
test  you  on  some  unidentified  specimens. 
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Go  to  the  master  rock  collection  and  study  the  granite^basaltj 
and  obsidian  rocks. 

21.  Examine  closely  the  specimens  of  sedimentary  rock  found  in  the 
class  collection.  Various  varieties  of  limestone  are  the  eas- 
iest to  recognize  in  the  sedimentary  class.  Provide  a spot 

in  your  collection  for  samples  of  marble,  shale,  and  slate 
as  a starting  point  for  representitives  of  this  group. 

22.  Compare  shale  specimens  •with  slate,  and  limestone  specimens 
with  marble.  Account  for  the  change  in  properties  and  how 
those  changes  were  brought  about.  Classify  the  latter  rocks 
as  metamorphic. 

23.  Bring  to  class  as  many  samples  of  the  three  classes  of  rocks 
as  you  can  find.  An  opportunity  will  be  given  you  to  make 
exchanges  with  other  members  of  the  class  in  order  to  help 
you  build  up  your  collection. 

24.  Demonstration:  Teacher  will  mix  aluminum  powder  and  red  iron 

oxide.  He  places  the  mixture  in  a wet  paper  cone  and  ignites 
it  with  a strip  of  magnesium.  This  is  known  as  the  thermite 
experiment.  The  result  to  be  looked  for  is  the  formation  of 
a lump  of  iron  which  is  apparently  extracted  from  iron  ore. 

A discussion  will  follow  consuming  the  extraction  of  metals 
from  various  ores. 

25.  Bring  into  class  a jar  of  soil  from  your  garden.  Note  the 
degree  of  coarseness  of  the  soil  by  feeling  it  with  the 
fingers.  Also  note  its  color.  Examine  small  quantities  of 
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the  soil  under  the  low  power  of  a microscope  or  magnifying 
glass.  What  kind  of  particles  make  up  the  soil?  Mix  several 
specimens  of  the  soil  with  distilled  water  and  pour  into  jars. 
Wot®  the  rate  at  which  the  particles  settle  out  of  solution. 
What  happens  to  the  sand  particles?  The  clay  particles?  Humus? 
What  kinds  of  soil  does  your  specimen  show?  To  verify  the 
presence  of  humus,  place  some  of  the  specimen  in  an  iron  pan 
and  apply  heat  to  it  by  means  of  a Bupson  burner.  If  the 
soil  turns  black  and  smokes,  humus  is  present.  Did  your 
specimen  contain  humus?  Write  up  your  experiment.  (See 
optional  related  activity  No. 11.  How  to  test  soil.) 

26.  What  is  a glacier?  How  does  a glacier  effect  the  land 
surfaoe?  What  were  the  ancient  glaciers  like?  Was  Sanford  a 
region  trhich  was  once  oovered  by  an  ice  sheet?  Tell  how  it 
effected  this  area.  Survey  the  area  in  this  locality  and 
find  evidence  of  morain  deposits.  Account  for  the  presence 
of  our  hills,  ridges,  gravel  pits,  rock-strewn  fields  and 
protruding  boulders.  (7:57)  (7:38-41).  (10:81-82).  Consult 
the  special  study  guide  which  will  prepare  you  for  the  ob- 
servation of  the  movie  "Glacial  work  of  Ice”  (5:507-508) 
(15:57-61)  (19:90-100)  (21:204-212). 

27.  How  are  lakes  made?  What  is  a marsh?  What  is  a disappeared 
lake?  According  to  an  estimate  made  in  1794  there  were 
thirty  lakes  in  Sanford.  Can  all  of  these  lakes  be  accounted 
for  today?  Arrange  with  a group  of  your  classmates  to  con- 
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duct  a survey  and  report  to  the  class  on  your  findings. 

The  lower  part  of  Sanford  *8  sa*d  to  *>e  sandy  and  marshy. 

I/That  does  this  description  tell  you  about  the  previous 
history  of  this  region? 

28.  What  made  the  mountains?  How  are  mountain  peaks  formed?  What 

is  a hill  or  a butte?  Teacher  will  show  the  movie  film  "Mountain 
Building".  With  the  help  of  class  discussion  list  the  things 
one  should  prepare  to  look  for  if  a trip  to  some  mountain 
were  possible*  If  you  have  been  to  the  mountains  volunteer 
to  tell  the  class  about  your  experience.  On  a blank  map 
trace  the  two  great  mountain  belts  of  the  world.  When  do 
mountains  reach  "Old  Age"?  (10:3)*  How  did  the  Appalachian 
Mountains  form?  (10s 72)  (2:525-537). 

29.  What  is  a valley?  Why  is  a valley  crooked?  How  does  a valley 
change  as  it  grows  old?  Is  Sanford  situated  in  a valley? 

Support  your  answers  with  evidence. 

30.  Whet  is  a river?  What  accidents  may  happen  to  rivers?  Study 
reference  (22:30)  and  see  if  you  can  tell  the  age  and  history 
of  Mousam  River.  Consult  the  reference  (4:3)  and  make  plans 
with  a group  of  students  to  visit  the  places  where  the  river 
has  been  known  to  have  changed  its  course.  (2:113).  Study 
the  questions  listed  on  the  special  study  guide  which  will 

be  issued  to  you  and  observe  the  films  "Work  of  Rivers",  and 
"Work  of  Running  Water". 

31.  Where  did  the  oceans  come  from?  What  are  the  measurements 
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of  the  oceans?  What  makes  the  ocean  salty?  What  is  a 
shallow  sea?  Consult  an  atlas  and  locate  the  oceans  of  the 
world  and  show  where  the  water  comes  from  that  empties  into 
them  (10:37-38)  (10:4)  (7:65)  (2:637-644)  (19:49-52). 

32.  Why  do  shorelines  change?  What  evidence  is  there  of  sea  level 
changes?  (7:62)  Which  states  were  onoe  covered  by  very  large 
oceans?  (10:37-38). 

33.  Study  the  "Rock- bound  coast  of  Maine"  and  point  out  the  ev- 
idences of  land  submergence.  (12:113-115).  Compare  the 
coast  line  which  begins  at  Portland  and  goes  north  with  that 
shoreline  whioh  begins  at  Portland  and  extends  southward. 

How  do  geologists  account  for  these  differences. 

34.  What  is  ground  water?  The  moving  picture  film  on  this  subject 
will  serve  to  illustrate  many  interesting  facts  concerning 
this  subject.  study  well  your  guide  questions  and  be  prepared 
to  discuss  the  effects  of  ground  water  on  soil  when  you  re- 
turn to  class. 

35.  What  are  Caverns?  Obtain  old  issues  of  National  Geographic 
Magazines  for  the  formations  and  pictures  of  world  famous 
caves.  What  kind  of  an  area  is  most  suitable  to  the  formations 
of  caves?  Report  on  the  size,  location,  important  features 
and  value  of  these  caves.  What  are  stalactites  and  stalag- 
mites? 

36.  What  is  a geyser?  The  teacher  will  demonstrate  a model  of 
a geyser.  As  you  ovserve  the  demonstration  try  to  think  of 
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as  many  principles  of  science  that  might  explain  the  cause 
of  the  eruptions.  Write  up  your  report  and  compare  your 
explanations  with  the  other  members  of  the  class.  At  the 
conclusion  of  the  discussion  summarise  the  best  explanations. 
Do  they  agree  with  a scientist’s  explanation  of  this  phe- 
nomena? (2:86-87). 

37.  How  are  waterfalls  formed?  On  a map  count  the  number  of 

falls  present  in  the  Mousam  River.  Is  there  a difference  in 
the  solubility  of  bed  rock  along  this  river?  Sow  steep  is 
the  slope  of  the  river  from  Mousam  Lake  to  the  Atlantic  Ocean? 
Why  do  geologists  consider  the  Mousam  a young  river?  Can  you 
explain  the  formation  of  the  gorge  known  as  the  "Indian’s 
Last  Leap"  (23:47-57)  (2:  123-126)  (4:3). 

38.  What  causes  an  earthquake?  Where  is  an  earthquake  likely 
to  appear?  How  does  man  make  a study  of  earthquakes?  What 
is  a seismograph?  Is  it  possible  to  predict  earthquakes? 

Is  it  possible  to  determine  earthquakes  in  this  locality? 
Search  the  town  history,  and  newspaper  files  for  records  of 
pest  earthquakes.  (12:121-134)  (2:420-434)  (4:329-339). 

39.  Study  the  Rossi-Florel  scale  of  earthquake  intensities.  If 
you  have  ever  experienced  an  earthquake  into  which  class 
would  you  put  it?  What  is  the  opinion  of  Dr.  Mather  as  to 
the  probability  of  earthquakes  around  here?  (12:141).  Should 
an  earthquake  occur  at  ary  time  what  is  the  best  plan  of 
action  one  should  follow?  Make  a list  of  rules  "What  to  do 
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during  an  earthquake.” 

40.  Demonstration:  An  experiment  to  imitate  the  movement  of 

rook  layers.  The  teacher  arranges  in  an  open  box  which 
can  be  seen  by  the  entire  class,  three  layers  of  materials. 

The  top  layer  is  coarse  sandj  the  middle,  unset  plaster* 
the  bottom,  loam.  When  pressure  is  exerted  from  the  sides, 
the  layers  form  miniature  mountain  folds,  ^hy  might  such 
folding  tend  to  elevate  land  areas?  What  can  you  say  about 
pressure  necessary  for  folding  rock  layers? 

41.  Experiment:  Put  into  each  jar  several  handfuls  of  fine  and 

coarse  soil.  Pill  the  rest  of  one  jar  with  water.  Put  the 
covers  on  each  jar.  Shake  the  jar  containing  the  water 
vigorously  back  and  forth  until  the  water  is  all  through  the 
soil.  Quickly  place  the  jar  upright.  Shake  the  second  jar 
(to  which  you  did  not  add  water)  in  exactly  the  same  way 
and  set  it  upright  beside  the  first  as  a control.  Do  not 
disturb  for  a day  or  so,  then  observe  the  results  of  your 
experiment.  Draw  a diagram  showing  the  conditions  in  both 
jars  at  the  end  of  the  experiment.  Answer  with  complete 
statement  the  question  asked  in  the  problem. 

42.  What  is  a desert?  What  is  the  approximate  amount  of  desert 
land  in  the  world?  Account  for  the  “Desert  of  Maine”  in 
Freeport,  Maine.  (16:219-241)  (19:115-123)  (11:265-263) 
(7:294). 

43.  Measure  your  vocabulary  growth  by  starting  with  any  geological 
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term  and  continue  by  forming  a list  of  words,  each  succeeding 
word  should  begin  with  the  last  letter  of  the  previous  word. 
Time  yourself  and  find  out  how  many  words  you  can  list  in  ten 
minutes. 

44.  Are  there  mines,  quarries , 6lay.  pits,  mineral  springs  in 
your  county  or  in  this  part  of  the  state?  Draw  a map  large 
enough  to  use  as  an  exhibit  and  indicate  the  location  of  these 
natural  resources.  Let  a committee  of  the  class  ascertain  the 
mineral  resources  of  the  state  and  report  to  the  class.  Re- 
ports of  the  Geological  survey  entitled  Mineral  Resources  of 
the  United  States,  or  the  article  on  your  state  in  a good 
encyclopedia  will  furnish  the  information. 

45.  On  an  outline  map,  which  will  be  furnished  you,  locate  where 
the  various  mineral  deposits  of  the  world  are  located.  Pay 
particular  attention  to  the  minerals  and  metals  which  are 
quarried  and  mined  in  the  3tate  of  Maine. 

46.  Describe  3ome  recent  destructive  floods  in  the  U.  S#  In  Maine. 
"What  measures  are  being  taken  to  prevent  such  floods? 

47.  Obtain  a copy  of  the  special  edition  of  the  Kennebec  Journal 
which  showed  pictures  of  the  great  flood  of  1934  which  also 
took  in  this  region  in  its  devastation.  Investigate  what 
has  been  done  since  then  in  the  way  of  flood  control.  What 
changes  were  the  direct  results  of  the  flood  as  far  as  the 

earth's  surface  was  concerned?  Look  up  such  terms  as  flood 

\ 

plains,  deltas,  and  peneplains. 
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48*  Read  and  report  about  the  quarrying  of  stone  and  its  use  as 
a structural  material.  Name  some  structures  built  of  the 
different  kinds  of  stone.  Study  the  nature  of  the  materials 
which  went  into  the  construction  of  this  high  school  build- 
ing. 

49.  Certain  industries  are  related  to  the  geology  of  an  area  in 
which  they  are  found.  Look  for  the  following  industries 
and  tell  where  they  are  found.  Building  stone,  sand  pits, 
foundry  sand,  gravel,  brick  making,  roofing  shingles,  pool- 
table  tops. 

50.  Make  a list  of  the  changes  that  have  taken  place  in  the 
Sanford  region  during  your  lifetime.  Take  your  list  home  and 
ask  your  parents  and  grandparents  to  add  to  this  list.  Can 
you  predict  any  probable  future  changes?  Add  these  to  a 
separate  list. 

8.  Optional  related  activities. 

1.  Make  a collection  and  exhibit  the  kinds  of  stones  found 

in  Sanford.  If  possible  try  to  determine  the  era  or  period 
of  geological  time  when  these  stones  wrere  formed. 

2.  Prepare  a "Do  you  Know”  or  "Believe  it  or  not"  list  of 

questions  carefully  selected  because  of  the  interest  or 
information  value  it  has.  *or  example:  Make  a game  similar 

to  the  quiz  programs  on  the  radio.  Prepare  a stack  of  cards 
writh  questions  on  them  and  find  out  how  well  informed  your 
class  is  on  earth  science  facts. 
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3*  ^et  up  an  exhibit  of  Bocks*  Label  and  attach  accurate 
descriptions*  Consult  hand-books  on  rock  and  mineral 
identification.  Classify  your  rooks* 

4*  Write  a book  report  on  some  geological  subject*  Perhaps 
a biography  of  some  important  geologist*  -^sk  your  teaoher 
for  a list  of  selected  books*  See  your  English  teachers 
for  possible  credit  in  that  subject  also,  for  work  done  on 
this  report* 

5*  On  an  Outline  Map  of  the  World  indicate  where  the  strategic 
minerals  of  the  world  are  located*  Include  the  location  of 
the  world’s  iron  ore,  and  uranium  ore  deposits* 

6*  Construct  a chart  which  shows:  Quartz,  some  of  its  properties 

and  uses*  Do  the  same  for  Aluminum*  Study  the  available 
flow-charts  as  a model  by  which  to  pattern  this  activity* 

7*  Write  a story  depicting  the  history  of  the  vesuvianite  de- 
posit located  at  South  Sanford.  Account  for  its  occurence 
in  the  locality,  its  composition,  value  and  probable  future  use* 
8*  Plan  and  carry  out  an  experiment  to  show  how  water  erodes 
and  deposits  sedimentary  materials* 

9*  Make  a map*  Study  the  various  kinds  of  maps  which  show 
such  features  as  rivers,  lakes,  shorelines,  elevations  of 
land,  mineral  deposits,  forest  areas  and  any  other  topogra- 
phic features* 

10.  Investigate  the  facts  concerning  the  silver  mine  which  opera- 
tor at  nearby  Lebanon*  Perhaps  some  people,  who  still  pos- 
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sess  them,  will  loan  you  some  of  the  stock  certificates  to 
show  the  class.  Explain  why  the  project  was  abandoned.  In- 
dicate any  future  value  that  these  mines  majr  have  to  the  owner 
of  the  property  at  present. 

11.  Test  soil.  Learn  to  use  the  soil  testing  kits,  available  in 
our  laboratory.  Check  on  the  fertility  of  your  garden  for  the 
raising  of  certain  types  of  plants. 

12.  Learn  to  read  contour  maps.  Many  topographic  maps  may  be 
found  in  the  geology  books  of  the  class-room  library.  Also 
write  to  the  U.  S.  Geological  survey.  Department  of  the  Interior, 
Washington,  D.  C.  to  find  out  if  a contour  map  of  this  region 
has  been  made.  If  so,  obtain  one  and  see  what  you  can  learn 
from  it. 

13.  Flouresoent  Minerals.  Under  an  ultra-violet  lamp  expose 
minerals  which  will  react  to  those  rays.  Study  the  principles 
of  fluoresence  and  indicate  the  uses  to  which  they  may  be  put 
in  man*s  activities.  On  some  dark  evening  plan  with  a group 
of  your  classmates  to  go  on  a search  for  minerals  which  will 
react  to  the  ultra-violet  rays.  Examine  stonewalls  and  as 
many  rocks  as  you  can  find  for  possible  fluorescence. 

14.  Make  a sand  table  model  of  the  topography  of  your  locality. 

Try  to  make  these  follow  a scale  of  accurate  proportions. 

15.  Make  a photographic  study  of  erosion  in  your  community.  What 
kinds  of  erosion  do  your  photographs  reveal?  Invite  your 
county  agricultural  agent  to  talk  to  the  class  on  problems  of 
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good  lend  use  and  erosion  in  your  community. 

16.  Make  a Geology  Scrapbook:  Clip  out  and  paste  into  your  book 

any  news  article  which  pertains  to  earth* s surface  ohanges. 

For  example,  (l)  the  recent  Tidal  Wave,  (2)  Earth  quakes, 

(3)  Volcanic  eruptions,  (4)  Pictures  of  scenic  beauty  and 
interest,  (5)  Pictures  of  scientific  value  which  also  are 
related  to  the  present  study.  A few  remarks  of  your  own 
under  each  picture  will  increase  the  value  of  your  work.  Be 
sure  to  include  maps  on  which  you  should  mark  the  place  where 
interesting  happenings  or  places  are  located. 

17.  How  is  land  lost?  Read  about  the  earth* s most  awful  blast, 
the  explosion  of  the  volcano  Krakatoa.  (See  Nature  Magazine, 
March  1946)  or  (2:462-464).  What  makes  the  dust  particles 

in  the  air?  When  dust  settles  in  the  ooean  does  this  rep- 
resent land  forever  lost  to  mankind?  Write  up  your  report. 

16.  Make  a study  or  collection  of  the  fossils  of  your  locality. 

In  those  parts  of  the  country  where  arrow  heads  and  other 
relics  may  be  found,  there  may  be  evidences  of  prehistoric 
cultures.  Study  these  if  available,  or  else  visit  a museum 
where  such  collections  are  on  exhibition.  If  you  are  ever 
passing  through  Augusta,  Maine  be  sure  to  visit  the  Museum 
at  the  State  House. 

19.  Make  a study  of  the  seismograph:  Pictures  and  diagrams  of 

this  instrument  should  be  obtained  to  illustrate  how  it  works. 
Who  are  some  of  the  leading  seismologists?  Where  are  the 
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seismographs  of  the  world  located,  (See  page  88,  Popular 
science  Monthly,  April  1946.) 

20.  Plan,  and  carry  out,  a trip  to  some  interesting  place  where 
some  natural  phenomena  may  be  observed.  The  ocean,  mountains, 
caverns,  and  desert  areas  are  suggested.  In  your  plans  prepare 
a list  of  questions  about  the  place  you  are  to  visit  so  that 
you  will  be  prepared  to  note  the  chief  points  of  interest. 

21.  Take  a trip  to  the  granite  quarry  located  at  High  Pine.  Talk 
with  the  operators  or  owners  about  the  quality  and  problems 
of  quarrying  the  stone.  Collect  specimens  of  the  various 
grades  of  granite  and  other  minerals  to  show  the  class.  Write 
up  your  report. 

22.  Compare  the  various  theories  concerning  the  origin  of  the 
earth.  Examine  the  evidences  which  support  each  theory.  De- 
cide which  theory  is  acceptable  to  you  and  be  prepared  to 
justify,  with  reasons,  your  decision.  Debate  one  theory 
against  another  with  some  member  of  your  class  or  prepare  a 
talk  to  be  given  before  the  class  on  thi3  subject. 

23.  Calculate  how  much  salt  there  is  in  a gallon  of  ocean  water. 

Either  use  known  facts,  or  make  a determination  yourself  by 
distilling  small  amounts  and  weighing  the  residue  accurately. 
How  much  salt  is  there  in  the  entire  ocean.  How  long  did  it 
take  to  accumulate  that  much?  Problem:  If  a cubic  foot  of 

sea  water  weighs  64  pounds  what  is  the  pressure  on  a square 
foot  of  ocean  bottom  at  a depth  of  five  miles? 
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23.  Interview  the  librarian  at  the  Goodall  Memorial  Library 
concerning  the  rock  collection  on  display  there.  Prepare 
a feature  article  for  your  school  paper  about  this  col- 
lection. 

24.  Collect  different  kinds  of  pebbles  and  stones  from  as  many 
places  as  you  can.  Determine  by  examination  how  each  pebble 
or  stone  has  been  shaped.  Was  it  shaped  by  running  water, 

i 

by  waves,  by  a glacier  or  by  weathering  agents? 

25.  Make  an  educational  collection  of  materials  of  the  earth's 
crust.  A cabinet  divided  into  small  compartments  can  be 
made  in  the  Manual  Training  ^apartment.  A suggested  arrange- 
ment of  the  cabinet  and  collection  to  illustrate  these  ma- 
terials may  be  procured  from  your  teacher. 

26.  Report  on  the  possibility  of  another  ice  age.  Is  it  possible 
that  we  are  living  in  an  interglacial  period?  What  does  the 
present  knowledge  of  sunspots  reveal  about  this  question? 

How  much  of  a drop  in  temperature  would  cause  the  glaciers 

to  advance  southward? 

27.  Clay  models.  Work  out  the  figures  of  some  prehistoric 
animals  with  clay  and  arrange  them  in  their  proper  settings 
of  an  environmental  nature.  Model  the  dinosaurs,  geologic 
faults,  mountains,  volcanoes.  Make  clay  models  of  animals 
alive  during  the  time  of  the  Krapina  Man  (7:105). 

28.  In  wide  areas  of  Wyoming,  minerologists  discovered  deposits 
of  jade.  This  is  a valuable  and  beautiful  mineral  usually 
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associated  with  the  orient*  ^aplain  the  origin  (geological) 
of  jade*  Name  two  important  kinds  of  jade.  What  worth  has 
a single  one  ounce  piece  of  Chinese  imperial  jade?  Name 
the  most  common  colors  of  jade.  Tell  the  weight  of  the 
largest  single  piece  of  jade  uncovered  in  Wyoming.  (See 
Popular  science  Monthly,  February  1945,  Page  112). 
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Work  of  Running  Water 
Work  of  the  Atmosphere 


Formation  of  Soil 
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Objective  Diagnostic  T0St  on  the  Unit 
The  Earth’s  Surface 
Section  I— True  -False  Items 

Directions  for  true-false  items:  Read  each  statement  carefully*  If 

you  think  the  statement  is  true,  pencil  a circle  around  the  number 
of  the  statement.  If  you  think  the  statement  is  false,  make  an  X 
through  the  number  of  the  statement*  If  any  part  of  the  statement 
is  false,  it  is  all  false.  Mark  all  statements.  Your  soore  will 
be  the  total  of  the  items  which  you  get  right.  Therefore  you 
should  not  leave  any  items  unmarked. 

T 1.  Drowned  river  mouths  make  good  natural  harbors. 

F.  2.  Ordinary  maps  reveal  the  true  size  of  continents. 

T 3.  The  old  mountains  of  this  region  are  of  volcanic  origin. 

T 4.  Modern  times  have  witnessed  volcanio  eruptions. 

F 5.  The  principal  geyser  regions  are  in  the  torrid  zone. 

T 6.  Valleys  were  formed  before  rivere. 

T 7.  Wqter  flowing  over  rocks  of  unequal  hardness  results  in 
the  formation  of  waterfalls. 

T 8.  The  faster  a stream  flows  the  more  rock  waste  it  can 
transport. 

T 9.  The  raising  or  lowering  of  the  earth’s  crust  can  cause 
tidal  waves. 

F 10.  Rocks  are  good  conductors  of  heat. 

F 11.  Weathering  is  much  more  rapid  ih  a dry  end  cool  climate 
than  in  a moist  and  warm  climate. 

F.  12.  The  layer  of  air  which  covers  the  earth  is  known  as  the 
lithosphere. 

F 13.  Scientists  have  to  go  to  Egypt  to  find  the  oldest  rocks. 
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F 14. 
T 15. 
T 16. 

T 17. 
F 18. 

F 19. 

t 20. 
F.  21. 

T 22. 

F 23. 
F 24. 

T 25. 
T 26. 

T 27. 
F 28. 
F 29. 

F 30. 
T 31. 

F 32. 

T 33. 


Fossils  are  generally  found  in  igneous  rocks. 

Everywhere  the  land  surface  was  rock  of  some  kind. 

The  soluble  minerals  of  the  earth’s  crust  finally  end  up 
in  the  ocean. 

Flood  control  problems  still  exist  in  these  modern  times. 

Nitrogen  and  oxygen  are  the  two  elements  which  make  up 
most  of  the  earth's  crust. 

Presence  of  many  natural  harbors  indioate  a risen  sea 
coast 

A granite  memorial  stone  will  outlast  one  made  of  limestone. 

The  great  variety  of  stones  found  on  the  top  of  Maine  hills 
were  left  there  by  people  in  ancient  times. 

The  desert  areas  in  the  state  of  Maine  are  the  result  of 
wind  erosion. 

A meandering  river  is  a young  river. 

Stoney  formations,  which  hang  like  icicles  from  the  ceilings 
of  caves,  are  known  as  stalagmites. 

Erosion  is  the  opposite  of  the  wrinkling  process. 

The  age  of  the  earth  may  be  determined  by  the  study  of 
rocks. 

Salts  found  in  the  ocean  came  from  the  rocks  of  the  land. 
Young  rivers  have  a gradual  slope. 

Mud  that  reaches  the  ocean  beds  finally  becomes  igneous 
rock. 

There  are  still  many  active  volcanoes  in  the  United  States. 

The  farther  below  the  earth's  surface  a rock  lies,  the 
older  it  is. 

The  Earth* 3 temperature  decreases  with  an  increase  in 
depth. 

River  water  is  mostly  the  result  of  rainfall,  snowfall, 
or  both. 
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F 34*  All  minerals  oontain  metals. 

T 35  The  earth  is  slightly  flattened  at  the  poles  because  of 
the  earth's  rotation. 

F 36.  The  hardest  known  mineral  is  quartz. 

F 37.  Earthquake-proof  buildings  are  impossible  to  construct. 

T 38.  Most  brick  buildings  are  probably  the  bottoms  of  previous 
lake  beds. 

T 39.  Glaciers  are  found  in  torrid  zones. 

T 40.  The  old  shore  line  of  the  coast  of  Maine  is  hundreds  of 

feet  below  the  present  sea  level. 

F 41.  Low,  round'- topped  mountains  describe  young  mountains. 

F 42.  Earthquakes  can  be  predicted  in  time  to  prevent  disaster. 

T 43.  Gravity  may  be  one  cause  of  rivers. 

F 44.  The  great  valleys  of  the  world  have  been  made  in  fairly 

recent  times. 

F 45.  An  old  river  is  identified  by  its  rapidly  running  water. 

F 46.  Geologists  determine  the  age  of  the  earth  by  studying  the 
Bible 

T 47.  Water  and  air  are  the  chief  agents  which  cause  rock  decay. 

F 48.  The  wearing  away  of  the  rocks  by  wind  and  water  is  a 
chemical  process. 

F 49.  The  interior  of  the  earth  is  known  as  the  hydrosphere. 

F.  50.  Damages  resulting  from  earthquakes  effect  large  portions 
of  the  earth's  crust. 

T 51.  The  weight  of  the  atmosphere  can  become  great  enough  in 

some  plaoes  to  crack  the  earth's  crust  and  cause  an  earth 
quake . 

T 52.  January  is  the  most  dangerous  period  for  floods  in  Maine. 

T 53.  The  force  of  gravity  is  largely  responsible  for  the  wrinkling 
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T 54. 
T 55. 
P 56. 

T 67. 

T 58. 

F 59. 
T 60. 

F.  61. 
F 62. 
P 63. 

T 64. 

T 65. 

T 66. 
T 67. 
F 68. 
P 69. 

T 70. 
T 71. 
F 72. 

F 73. 


of  the  earth* s crust. 

The  earth  is  at  least  two  billions  of  years  old. 

More  than  half  of  the  ocean  is  over  two  miles  deep. 

The  entire  area  of  the  United  States  was  covered  by 
glaciers  at  sometime. 

The  recency  of  glacial  action  iray  be  evidenced  by  the 
presence  of  many  lakes  in  that  region. 

Denudation  of  forests  by  man  tends  to  increase  flood 
dangers. 

Three-fourths  of  the  earth* s surface  is  land. 

Coral  reef  deposits  are  the  limey  skeletons  of  small  sea 
animals. 

Caves  are  common  in  regions  of  igneous  rock. 

"Changeless  as  the  hills"  is  an  accurate  statement. 

Mountains  of  today  attained  their  full  growth  in  the 
distant  past. 

Rocks  crack  because  the  outer  layers  expand  more  than  the 
inner  layers. 

The  oceans  are  much  saltier  today  than  they  were  a thousand 
years  ago. 

Maine  was  once  a region  of  active  volcanoes. 

Running  water  and  wind  are  the  chief  agencies  of  erosion. 

The  denser  materials  of  the  earth  are  near  the  surface. 

Geysers  and  volcanoes  furnish  proof  that  the  center  of 
the  earth  is  a hot  liquid. 

The  most  important  metal  for  our  civilization  is  iron. 

A swamp  is  the  first  stage  in  the  formation  of  a lake. 

A geologist  would  classify  a diamond  as  a rock  and  granite 
as  a mineral 

Bottomless  lakes  have  been  found  in  the  state  of  Maine 
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T 74.  Limestone  is  a good  example  of  sedimentary  rock. 

F 75.  Glaciers  have  disappeared  from  the  earth. 

T 76.  The  Atlantic  ocean  has  moved  westward. 

T 77.  Many  meteorites  resemble  present  rocks  on  the  earth. 

T 78.  Rocks  are  reaction  products  caused  by  an  energy  exchange 

between  the  atmosphere,  the  hydrosphere,  and  the  lithosphere. 

F 70.  The  dinosaur  was  most  prominent  during  the  Mesozoic  era. 

F 80.  The  most  recent  of  the  geological  divisions  of  time  is 
the  Eocene  period. 

F 81.  A terminal  moraine  is  the  end  of  a glacial  epoch. 

F 83.  The  source  of  the  deposits  from  which  blackboard  chalk 
is  obtained  is  volcanic  ash. 

F 83.  Limestone  deposits  found  in  a region  indicates  that  the 
rocks  were  formed  by  volcanic  action. 

T 84.  Geologists  consider  soil  to  be  a part  of  mantle  rock. 

F 85.  Rocks  formed  from  sediments  are  called  igneous  rocks. 

F 86.  Most  fossils  are  found  in  the  lowest  layers  of  bed  rock. 

T 87.  Rain  is  water  that  once  formed  part  of  the  sea. 

F 88.  The  safest  thing  to  do  during  an  earthquake  is  to  run 
out  into  the  street. 

T 89.  Rocks  which  crystallize  from  the  molten  state  are  very 
resistant  to  erosion. 

T 90.  The  blocks  of  the  earth* ■ crust  press  down  equally  upon 
the  deeper  portion  of  the  earth’s  interior. 

Section  II 

90-100.  Directions:  All  omitted  words  appear  in  the  column  at  the 

left  of  the  page.  Show  that  you  know  which  word  or  phrase 
has  been  left  out  by  putting  the  number  of  the  blank  in 
the  proper  parentheses  at  left.  For  example,  1 is  put 
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in  the  ( ) front  of 

(2)  volcanic 
( 6)  rough 

( ) smooth 

( 7)  young 
(10)  low 

(3)  wrinkling 
( 4)  erosion 
(9)  rounded 
(8)  older 

( 1)  theories 
( ) slower 

( 5)  ridges 
( ) high 


100-110.  Directions: 
( 9)  Vesuvianite 
(2)  marshy 
( 4)  hills 
( 1)  Mo us  am 
( 3)  sandy 
( ) valleys 


the  word  omitted  from  blank  number  1. 

There  are  numerous  (l) to  explain 

how  the  mountains  came  into  being.  Some 

were  formed  by  the  upheavals  of  (2) 

action,  and  some  by  the  (3) and  folding 

of  the  earth* s crust  as  it  cooled  off.  As 
soon  as  part  of  the  land  begins  to  be  lifted, 

(4) begins  to  tear  it  down  and  change  its 

shape.  The  rocks  that  are  easily  destroyed 
are  carried  away.  Layers  and  (5)  of 
hard  rock  are  left.  The  mountains  of  the 
West  are  (6)  and  rugged  because  they  are 
comparatively  (7)  . The  rocks  in  the 

mountains  of  New  England  show  all  the  fold- 
ing and  wrinkling  of  rugged  mountains,  but 

these  mountains  are  much  (8) than  those 

of  the  West.  Therefore,  they  have  been 

worn  down  until  they  are  (9) and  (10) • 

Follow  same  directions  as  for  section  I. 

The  town  of  Sanford  is  located  in  the 

valley  of  the  (1) river.  The  lower  or 

southern  part  of  the  town  is  (2) and  (3)  • 

The  upper  part,  toward  Springvale,  is  diversi- 
fied by  (4) and  (5) . The  highest  point 

of  elevation  in  Sanford  is  on  the  top  of  (6, 
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( ) springs- 

(7)  lakes 
(10)  granite 

(8)  glaciers 
( 6)  Mt.  Hope 

( ) Beaver  Hill 


110-120,  Directions: 
( 1)  four 
( ) five 

(9)  igneous 

( 2)  sedimentary 

(10)  Archean 
( 3)  strata 

( 6)  Paleozoic 
( 4)  fossils 
( 7)  Mesozoio 
( 5)  Proterozoic 
(8)  Cenozoic 
( ) Glacial 

120-127  Diredtions: 
( 1)  solid 
( ) liquid 

( 2)  plastic 


The  water  of  the  Mousam  River  is  supplied 
by  several  (7)  . Over  thirty  ponds  have 

been  counted  in  the  vicinity  of  Sanford, 

Their  original  basins  were  left  here  by  the 

(8)  « The  best  evidence  of  previous  volcanic 

action  is  the  deposit  of  nationally  famous 

(9)  mineral  in  south  Sanford.  There  are 
several  (10)  quarries  in  this  region. 

Follow  same  directions  as  for  section  I. 

Beneath  the  earth’s  surface  are  (1) 

great  layers  of  (2) _rock.  Layers  are  called 

(3) , and  from  the  (4) embedded  in  them, 

men  can  tell  fairly  accurately  what  the  world 
was  like  many  years  ago,  ^he  oldest  layer  of 
the  four  is  called  (5)  . It  means  earliar 

life.  The  next  layer  is  called  (6)  which 
means  ancient  life,  ^-he  third  layer  is  called 

(7) is  a period  of  middle  life.  The  more 

recent  layer  is  known  as  the  (8) The 

oldest  rocks  on  earth  are  of  (9) origin  and 

form  a foundation  series  which  represents  the 

(10)  era. 

Follow  same  directions  as  for  section  I, 

The  earth’s  interior  is  (1) , however, 
it  is  sufficiently  (2)  to  admit  flowage  to 
occur.  Thousands  of  feet  of  (3) layers 
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( ) igneous 

(3  ) sedimentary 
( 6)  geological 
( 5)  peneplain 
( ) millions 

( 7)  billions 
( ) thousands 

(4)  mountain 
127-135*  Directions; 

(3)  formation 

( 8)  conservation 
( 5)  ores 
( 1)  same 
( 6)  soil 
( 2)  geology 
( 7)  limitless 

(4)  forces. 

135-  145*  Directions: 
( ) astronomical 

( 1)  geological 
(10)  5 
( ) 500 

( 3)  30,000 


have  been  deposited  in  various  plaoes  on 
the  earth.  These  layers  have  been  raised 
into  (4)  folds,  which  in  time  wear  down 

to  the  condition  of  a (5) • Since  these 

processes  have  been  repeated  again  and 
again,  it  is  evident  that  the  period  of 

(6) time  can  be  estimated  only  in  (7) 

of  years. 

Follow  same  directions  as  for  section  I. 

This  earth  has  not  always  been  the 
(1)  . A science  study  called  (2) 

attempts  to  gather  facts  regarding  the 

(3) of  the  earth  and  the  (4)  which  are 

constantly  changing  it.  The  earth  is  rich 
in  natural  resources  found  deep  in  the  earth 
as  (5)  and  spread  abundantly  on  the  earth* s 

surface  as  life  renewing  (6) . Many  of 

these  resources  are  not  (7) * They  must 

not  be  wasted.  Thi3  is  a problem  of  (8) • 

Follow  same  directions  as  for  section  I. 

The  most  recent  significant  event  in 

(1) history  was  the  occurence  of  the  (2) 

age  which  lasted  for  about  a million  years, 
ending  some  (3) ye ars  ago.  Glaciers  occur 


whereter  the  amount  of  snow  which  falls  each 
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(4)  melts 
( ) rapidly 

( 5)  slowly 
( 9)  lakes 
( 6)  eroding 
( ) rivers 

( 7)  moraines 
(8)  U-shaped 
( ) V-shaped 

(2)  ice 


year  in  the  mountains  is  greater  than  the 
amount  which  (4)  . In  these  regions  snow 

accumulates  and  is  compressed  into  ice,  which 
flows  ( 5 ) down  the  mountain  valley.  The 

loose  rocks  which  are  plucked  from  ledges  along 
the  route  of  these  glaciers  act  a3  tools  for 

(6) the  valley  down  which  the  ice  is  moving. 

Where  the  ice  melts  terminal  ( 7 ) are  built. 

Valleys  in  which  glaciers  have  worked  for  a 
long  time  become  worn  in  (8)  troughs. 

Glacial  deposits  have  greatly  interefered  with 

the  courses  of  streams,  causing  (9) to  be 

formed.  There  were  at  least  (10)  alternating 
periods  of  advance  and  retreat  of  the  ice  front, 
each  thousands  of  years  long. 
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year  in  the  mountains  is  greater  than  the 
amount  which  (4)  . In  these  regions  snow 

accumulates  and  is  compressed  into  ice,  which 
flows  (5)  down  the  mountain  valley.  The 
loose  rocks  whieh  are  plucked  from  ledges  along 
the  route  of  these  glaciers  act  as  tools  for 

(6) the  valley  down  which  the  ice  is  moving. 

Where  the  ice  melts  terminal  (7) are  built. 

Valleys  in  which  glaciers  have  worked  for  a 

long  time  become  worn  in  (8) troughs. 

Glacial  deposits  have  greatly  interefered  with 

the  courses  of  streams,  causing  (9) to  be 

formed.  There  were  at  least  (10) alternating 

periods  of  advance  and  retreat  of  the  ice  front, 
each  thousands  of  years  long. 
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UNIT  ORGANIZATION  OF  THU  TOPIO, 
THU  RUAVBNLf  BODIES 


Objectives 

General 

Understandings 


1.  That  the  universe  and 
the  earth  as  a part  of  it, 
has  developed  through  a 
process  of  gradual  change 
and  this  process  is  still 
going  on. 


2.  That  man* s conceptions 
of  the  nature  and  structure 
of  the  external  world  con- 
stantly change. 


Specific 


1.  (a)  Jhat  galaxies  probably 

passe  through  a develop- 
ment from  thin  nebulous 
matter  to  the  concentration 
of  this  matter  in  stars. 

(b)  That  certain  nebulae 
are  at  present  in  a stage 
of  development  through 
which  our  own  galaxy 
passed. 

lc)  That  stars  probably 
pass  through  a sequence  of 
development,  characterized 
by  changes  in  size,  brill- 
iance, and  composition, 
id)  That  the  earth  and 
other  planets  probably  re- 
sulted from  a close  app- 
roach of  the  sun  and  anoth- 
ersstar. 

2.  ia)  That  the  body  of  phy- 
sical knowledge  is  cumula- 
tive and  progressive,  much 
that  is  learned  depending 
on  previous  work. 

(b)  That  the  change  in 
world  picture  rarely  re- 
sults in  denying  particular 
observed  facts  formerly 
thought  certain  but  rather 
in  changing  a framework 
so  as  to  include  more  ob- 
served facts  than  the  older 
theory. 
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Specific 


General 

3»  That  the  development  of 
more  precise  measuring  in- 
struments were  essential 
steps  in  the  growth  of  man*  s 
knowledge  of  the  heavens* 

4*  That  man1 s conception  of 
the  truth  has  been  known  to 
change* 

5»  That  the  movements  of  the 
various  bodies  which  compose 
the  universe  are  determined 
by  the  action  of  certain 
forces  and  as  a result  there 
is  order* 


6.  That  the  forces  which 
act  upon  the  bodies  in  the 
universe  are  known  and  as  a 
result  their  movements  can 
be  predicted  with  great  acc- 
uracy* 

7*  That  the  conditions  of 
life  upon  the  earth  are  in- 
fluenced by  the  relations  of 
the  earth  to  the  other 
heavenly  bodies. 

8*  That  the  universe  and 
the  earth  as  a part  of  it, 
has  developed  through  a 
process  of  gradual  change 
and  this  process  is  still 
going  on. 

9.  That  the  earth  is  only  a 
small  part  of  the  universe. 


10*  That  the  universe  of 
which  this  earth  is  a part 
consists  of  millions  of  bodies 
with  vast  distances  between 
them* 


3*  That  improvements  in  the 
telescope  and  other  in- 
struments have  paralleled 
man’s  increasing  know- 
ledge of  the  heavens* 

4.  That  the  earth  was  once 
thought  to  be  the  center 
of  the  universe* 

5*  That  all  bodies  in  our 
solar  system  are  con- 
trolled by  the  gravita- 
tional attraction  of  the 
sun,  about  which  they  re- 
volve in  huge  ellipses 
and  in  nearly  the  same 
plane o 

6.  That  the  eclipses,  seasons 
and  the  appearance  of 
comets  can  be  predicted 
years  in  advance* 


7.  That  the  sun  is  the  source 
of  all  our  energy* 


8.  That  the  limits  of  the 
universe  have  not  yet 
been  glimpsed  by  man* 


9*  That  there  are  many  bodies 
within  and  outside  of  our 
own  solar  system  hundreds 
of  times  larger  than  the 
earth  we  live  on* 

10.  That  man  has  been  able  to 
discover  organizations  of 
stellar  material  into 
various  systems. 
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CHAPTER  II 


UNIT  ORGANIZATION  OF  THE  TOPIC, 

THE  HEAVENLY  BODIES 

General  statement  of  tha  unit.-— People  look  up  at  the  skies  and 
are  excited  and  wonder  about  the  things  they  see  there.  The  mystery 
of  the  starlit  sky  has  ever  presented  a challenge  to  mankind— a chal- 
lenge to  stretch  earthbound  imaginations  in  an  attempt  to  understand 
the  universe.  Profound  effects  upon  man’s  philosophy  and  religion 
are  outcomes  of  a study  of  the  skies.  Many  of  man’s  activities  today 
depend  upon  an  accurate  knowledge  of  the  heavenly  bodies  as  the  stars 
serve  to  guide  him  on  land,  sea  and  in  the  air. 

Itemized  statement,  or  delimitation,  of  the  unit.— 

1.  Two  stars  (one  of  them  was  our  sun)  approached  each  other  and  their 
mutual  attraction  drew  out  streams  of  hot  gase3  from  each.  The 
streamers  of  our  sun  condensed  to  form  the  planets.  Some  form 
of  this  tidal  theory  is  accepted  by  scientists  as  a plausible 
explanation  of  the  origin  of  the  solar  system. 

8.  The  solar  system  consists  of  the  sun  and  the  other  bodies  which  are 
governed  by  its  gravitational  influence.  The  system  includes  the 
sun,  planets  with  their  moons  or  satellites,  comets  and  meteors. 

3.  The  sun  is  the  earth's  nearest  star.  It  is  a moderate  sized  star, 
yet  many  thousands  of  times  larger  than  the  earth.  The  sun  is  a 
mass  of  extremely  hot  gases  which  furnishes  light  and  heat  for  the 


-42 


, 


- - . 

. 


- ' --  ■ ‘ - -f  .0  • ■ r. o4-  * **  vo  U:'  "'r. 

' 

' . 

’ - 

j ■:<  xhod  ^IjseYJseft  ©riJ-  lo  ©gfctelvrooi  &te'}t/T>oa  ii/j  ncqv  bciGqeb 


dt 

- I 

•v:  , ' ■■  1 "r,  ' r ‘ ::  ” \ 

: 

. 

. - ■ ' 

- . 

? ’ ? • : ■ 


.■  , 

■ r5  ■■  ' • 8 ■ : : !'C-  .fr'  ' ‘ '•  " ; 


■ .1  f 1 •:  t ••  »■.-’>£  :•  


43 

bodies  of  the  solar  system*  The  sun  has  two  movements,  one  in 
the  direction  of  the  star  Vega  and  the  other  is  a rotation  on 
its  axis* 

4.  The  surface  of  the  sun  has  violent  storms,  or  disturbances  which 
appear  from  the  earth  as  sunspots*  Most  of  them  disappear  in  a 
few  days*  The  number  and  size  vary,  becoming  expecially  large 
about  every  eleven  years*  Weather  cycles;,  magnetism,  radio 
reception,  and  northern  lights  are  affected  by  these  sunspots* 

5.  Nine  planets  move  in  ellipitcal  paths  and  at  different  distances 
about  the  sun.  Mercury  and  Venus  are  between  the  earth  and  the 
sun;  farther  from  the  sun  are  Mars,  Jupiter,  Saturn j. yranus , 

Neptv:  * and  Pluto* 

6*  Planets  are  made  of  materials  somewhat  like  those  of  the  earth* 
Non- luminous , they  shine  only  by  means  of  reflected  sunlight* 

7.  Two  forces  acting  on  the  planets  are  gravitational  attraction 
and  centrifugal  force.  The  resultant  of  these  two  forces  gives 
to  the  planets  an  elliptical  orbit  around  the  sun.  The  length 
of  time  required  for  a planet  to  complete  its  revolution  is  a 
year  for  that  planet.  At  the  same  time,  each  planet  is  rotating 
on  its  axis*  The  length  of  time  for  a complete  rotation  of  any 
planet  is  its  day. 

8.  Our  earth  is  a planet  of  moderate  sire*  ^articular  conditions 
which  make  life  possible  on  the  planet  are,  (1)  a solid  crust, 

(2)  temperature  varying  between  narrow  limits,  and  (3)  an  atmos- 
phere containing  both  oxygen  and  moisture. 
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9.  The  earth  revolves  around  the  sun  in  approximately  36&x  days* 
The  earth' 8 rotation  on  its  axis  once  in  about  24  hours  re- 
sults in  the  day  and  night* 

10.  The  axis  of  the  earth  is  inclined  to  the  plane  of  its  orbit 

at  an  angle  of  23|  degrees*  This  inclination,  plus  the  earth's 
revolution  helps  to  determine  the  seasons*  The  northern 
hemisphere  of  the  earth  receives  more  heat  and  light  in  the 
summer  than  at  the  same  hour  in  -winter  because  the  rays  of 
light  are  more  nearly  vertical  in  summer*  The  northern  half 
of  the  earth  is  more  than  half  lighted  in  summer;  thus  days 
are  longer  in  summer*  ^he  northern  half  of  the  earth  is  less 
than  half  lighted  in  winter;  thus  days  are  shorter  in  winter* 

11*  Moons  (or  satellites)  are  bodies  which  revolve  around  planets* 
The  Earth's  moon  makes  a revolution  in  approximately  28  days 
and  at  the  same  time  rotates  once  upon  its  axis* 

12*  The  moon  is  240,000  miles  away  from  the  earth.  It  has  a 

diameter  of  2160  miles*  Temperatures  on  the  moon  are  extreme. 
There  is  no  atmosphere* 

13*  The  markings  upon  the  face  of  the  moon  are  really  mountain 
chains,  craters,  and  vast  plains*  The  craters  on  the  moon 
are  probably  either  volcanic  in  origin  or  have  been  produced 
by  the  bombardment  of  meteors* 

14*  The  moon  is  visible  because  it  reflects  sunlight*  The  shape 
or  phases  of  the  moon  appear  to  change  gradually  because  we 
see  differing  amounts  of  its  lighted  half  as  the  moon  moves 
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around  the  earth. 

15.  "'/Then  the  earth  passes  through  the  shadow  cast  by  the  moon  a 
solar  eclipse  takes  place.  When  the  moon  passes  through  the 
shadow  cast  by  the  earth  a lunar  eclipse^  takes  place. 

16.  The  gravitational  pull  of  the  moon  and  sun  upon  the  earth 
causes  tides. 

17.  Comets  travel  in  elliptical  orbits  about  the  sun.  The  head 
of  a comet  is  comparable  to  a thick  dust-like  cloud  with  some 
larger  particles  dispersed  in  it.  The  tail  of  a comet  is  a 
lighter  dust  cloud,  ^he  head  of  a comet  is  probably  not  hot. 

18.  As  a comet  approaches  the  sun  its  tail  trails  behind.  As  it 
recedes  from  the  sun  its  tail  precedes  it.  The  sun  may  have 
one  of  three  effects:  (1)  the  comet  may  be  drawn  in  to  the 
solar  system,  becoming  weaker  by  loss  of  material  each  time 
it  nears  the  sun  in  its  trip  around  the  sun,  (2)  the  comet 
may  be  attracted  to  one  of  the  large  planets;  or  (3)  the 
comet  may  be  bent  out  of  its  path,  but  not  being  captured  by 
the  sun,  it  will  escape  our  solar  system. 

19.  Meteors  are  small  bits  of  material  that  fall  into  the  earth* s 
atmosphere.  Most  meteors  are  fragments  of  worn-cut  comets. 

20.  When  meteors  reach  the  earth  before  they  are  destroyed  by 
friction  with  the  earth* s atmosphere,  they  are  known  as 
meteorites. 

21.  The  asteroids  or  planetoid^  are  tiny  planet-like  bodies  which 


travel  around  the  sun  in  orbits  of  their  own.  These  orbits 
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are  located  between  the  planets  Mars  and  Jupiter. 

22.  Longitude  is  the  position  of  any  place  in  degrees  east  or 
west  of  the  prime  meridian  running  through  Greenwich, 
England.  It  is  determined  by  comparing  local  time  as  ob- 
served from  the  sun  at  its  highest  point,  with  an  accurate 
chronometer  set  to  the  time  of  Greenwich.  A difference  of 
one  hour  is  equivalent  to  fifteen  degrees. 

23.  Because  the  earth  is  rotating  upon  its  axis,  places  having 
different  longitudes  have  different  time  by  the  sun.  The 
United  States  has  been  divided  into  Standard  Time  Belts 

to  avoid  confusion.  The  belts  or  North  America  are  Atlantic 
(for  Canada  only)  Eastern,  Central,  Mountain  and  Pacific. 

24.  Local  time  is  time  at  the  meridian  of  any  one  place.  Stand- 
ard time  is  that  which  used  within  a standard  time  belt  and 
is  the  time  of  the  meridian  which  is  midway  across  the  belt* 
Daylight-saving  time  is  time  which  has  been  advanced  one 
hour  for  the  purpose  of  making  use  of  an  extra  hour  of  day- 
light. 

25.  Early  navigators  at  first  closely  followed  familiar  shores. 
Later,  directions  were  learned  and  recognized  by  observing 
familiar  points  of  the  sky.  Modern  navigation  has  been  mad# 
possible  fundamentally  by  the  compass,  sextant,  and  chronom- 
eter. 

26.  The  purpose  of  the  Gregorian  calendar  was  to  correct  the 
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error  of  ten  days  which  "by  the  year  1582  had  accumulated 
from  the  use  of  the  Julian  calendar.  The  Gregorian  calendar 
provides  an  extra  day  for  every  year  divisible  by  four  except 
in  any  year  divisible  by  100  unless  it  may  also  be  divided  by 
400. 

27.  Billions  of  stars  may  be  observed  by  the  modern  telescope. 

Stars  are  spheres  of  hot  gases.  Their  composition  consists 
of  many  elements  found  on  the  earth.  The  composition  of 

a star  is  determined  by  spectroscopic  methods. 

28.  Binary  stars  are  combinations  of  two  stars  revolving  about 
a point  between  them.  New  stars  are  clouds  of  rarefied  gas 
at  dull  red  heat.  In  their  development  such  clouds  grow 
smaller  or  more  compact.,  at  the  same  time  becoming  bright 
red  to  yellow.  In  their  prime,  stars  are  brilliant  bluish, 

"hi 

attai^ng  their  highest  temperature.  Thereafter  the  stars 
grow  cooler,  changing  successively  from  bluish  to  yellow  to 
bright  red  and  finally  dull  red.  After  a star  has  lost  its 
heat,  it  becomes  an  invisible  cold  surfaced  felobe  or  dark 
star. 

29.  Light  from  heavenly  bodies  provides  the  only  means  by  which 
astronomers  can  gain  their  knowledge  of  the  heavenly  bodies. 

The  magnitude  of  a star  refers  not  tb  its  size  but  to  its 
brilliance.  It  is  a method  of  astronomical  classification. 

A light  year  is  the  distance  through  which  light  would  travel 
in  one  year.  It  is  equal  to  nearly  6,000,000,000  miles. 
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30*  Constellations  are  groups  of  stars.  Many  of  these  have 

been  familiar  from  antiquity  and  legends  have  been  attached 
to  each. 

31.  The  galaxy  is  the  system  of  stars  to  which  our  sun  and  its 
planets  belong.  The  Milky  Way  is  the  appearance  of  the 
galaxy  as  seen  across  the  sky. 

32.  Island  universes  are  other  systems  of  stars  suoh  as  our 
galaxy.  It  is  supposed  that  the  island  universes  are  rush- 
ing away  from  each  other  and  that  in  this  sense  the  universe 
is  expanding. 

33.  Telescopes  magnify  heavenly  bodies  and  make  these  bodies 
appear  to  be  larger  and  nearer.  Refracting  and  reflecting 
telescopes  are  most  commonly  used.  Most  astronomical  work 
is  done  by  photography.  The  use  of  mathematical  principles 
plays  a great  part  in  the  determination  of  distances  to 
heavenly  bodies. 

Probable  indirect  and  incidental  learning  products.— 

1.  The  appreciation  of  the  contributions  of  various  nations  to 
the  discoveries  of  astronomical  facts. 

2.  The  wonder  and  excitement  at  the  evidence  of  orderliness 
manifested  in  the  procession  of  the  heavenly  bodies  of  the 
universe. 

3.  Perseverance  in  any  task  which  has  been  accepted  such  as  the 
construction  of  a telescope. 

4.  Inquisitiveness  toward  celestial  happenings:  in  learning 
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how  and  why  astronomical  ©vents  take  place. 

5.  Appreciation  of  the  fact  that  the  limit  of  man’s  knowledge 
has  not  yet  been  glimpsed. 

6.  Appreciation  of  the  fact  that  man's  conception  of  the  truth 
has  been  known  to  change  and  that  what  is  today  accepted  as 
true  may  yet  be  proven  untrue. 

7.  Appreciation  of  the  vastness  of  the  universe  and  the  com- 
plexity of  motion  going  on  within  it. 

The  unit  assignment.— 

A.  Qne  or  more  of  the  following  introductory  activities * 

1.  Newspaper  clippings  reporting  the  explosion  of  a star  and 
the  return  appearance  of  spots  on  the  sun’s  surface  are 
selected  by  the  teacher  as  items  for  class  discussions. 

2.  Teacher  gives  a test  of  true-false,  multiple-response  and 
completion  questions  to  discover  what  pupils  already  know 
about  the  subject  matter  of  the  unit. 

3.  Further  clues  as  to  the  interests,  errors  or  shortcomings 
of  the  pupils  on  thi3  topic  are  determined  by  asking  pupils 
to  contribute  questions  about  the  heavenly  bodies  to  the 
question  box. 

4.  Teacher  hands  out  the  general  study  and  activity  guides. 

5.  To  stimulate  interest  each  pupil  is  handed  a list  of  Do 
You  Know  questions* 

Do  You  Know  That*- 


1 


Our  Sun  is  the  "nearest”  star  93,000,000  miles  away? 
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2.  We  see  only  pne  side  of  the  moon? 

3.  The  moon  is  not  smooth,  but  rough  as  mounatins  on  the  earth? 

4.  There  is  no  atmosphere  on  the  moon? 

5.  A 90  lb,  person  vrould  weigh  only  15  lbs.  on  the  moon? 

6.  A 100  yds.  could  be  run  in  2 seconds  on  the  moon? 

7.  The  world  is  closer  to  the  sun  on  New  Yearns  Day  than  on 
the  Fourth  of  July? 

8.  Spring  and  summer  are  a week  longer  than  our  autumn  and 
winter? 

9.  That  ” shooting”  and  "falling"  stars  are  not  stars  at  all? 

10.  A comets  tail  always  travels  ahead  of  it  when  it  begins 
to  move  away  from  the  sun? 

11.  Nothing  has  been  found  in  a meteorite  which  has  not  already 
been  found  on  the  earth? 

12.  Galileo  was  first  to  use  the  telescope,  but  that  he  did  not 
invent  it? 

13.  The  stars  shine  in  the  daytime  as  well  as  at  night? 

B.  Individual  and  small-group  work.  Suggested  core  experiences  to 

be  conveyed  to  the  pupil3  via  a mimeographed  study  and  activity 

guide  handed  out  totthe  pupils  at  the  close  of  the  introductory 

activities. 

1.  Read  this  study  and  activity  guide  carefully.  Check  ( ) 
the  items  which  interest  you  most.  Can  you  think  of  any 
other  really  interesting  things  which  might  be  done  in  con- 
nection with  the  unit?  If  so  be  sure  to  let  your  teacher  know. 
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If  at  any  later  time  you  should  think  of  any  interesting 
activity,  not  listed  below  consult  your  teacher  about  the 
possibility  of  using  it  in  this  unit. 

2.  Would  you  like  to  see  the  sun  spots?  The  teacher  will  provide 

each  pupil  with  two  over  exposed  film  negatives.  Take  these 
negatives  and  place  them  over  one  eye  and  go  out  and  look 
directly  at  the  sun.  Note:  This  is  for  your  protection. 

NEVER  LOOK  AT  THE  SUN  WITHOUT  SOME  PROTECTIVE  DEVICE  l (Why?) 
During  the  next  few  days  keep  a record  of  any  thing  unusual 
about  the  weather  conditions,  radio  reception  at  home  (much 
or  little  static)  and  at  night  look  for  a northern  lights 
display.  Report  to  the  class  on  your  observations.  What 

are  sunspots?  How  often  do  they  occur?  (4:26-29)  (8:3-10) 
(4:39-40)  (25:5-7)  (9:104  -107). 

3.  What  is  the  solar  system?  What  theories  have  been  advanced 
by  man  to  account  for  the  origin  of  the  solar  system?  Con- 
sult reference  books  and  encyclopedias  for  information  on 

(1)  The  Nebular  Hypothesis  and  (2)  The  Planetismal  Hypothesis. 
Study  the  main  points  of  both  theories  (or  any  other  that  you 
may  find)  and  prepare  a written  report  on  this  topic:  How 

I think  the  Solar  System  originated.  (25:5-18)  (25:41-43) 

(6:107-114). 

4.  How  would  you  distinguish  between  gravitational  force  and  the 

force  of  gravity?  What  do  you  understand  by  centrifugal 
force?  Demonstration:  The  teacher  will  suspend  a wooden  ball 
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on  the  end  of  a thread,  hold  it  out  at  arms  length  and  set 
into  a twirling  motion.  To  the  class:  Assuming  that  the  ball 
represents  the  earth,  where  did  the  energy  come  from  that  set 
it  in  motion?  Notice  that  as  the  earth  revolves,  it  spins. 

Count  the  number  of  revolutions  and  assume  that  eaoh  revolution 
represents  a year  of  time.  Remember  that  the  energy  supplied 
by  the  teacher  is  a mere  fraction  of  that  supplied  by  the 
sun.  Could  something  like  this  have  happened  to  our  earth 
to  set  it  in  motion?  Do  you  suppose  the  earth  will  ever 
stop  rotating  or  revolving?  Discuss  your  conclusions  on  this 
exercise  with  your  classmates  and  your  instructor*  (28:8-9) 
(9:95-125)  (4:31-32). 

5.  Teacher  demonstration  with  the  class  participating.  The 
purpose  of  this  demonstration  is  to  show  the  relative  size 
of  the  earth  and  the  sun  with  the  distance  between  them  on 
the  same  scale.  A cardboard  disc  (4  ft.  6in.  in  diameter) 
is  placed  at  one  side  of  the  school  grounds.  This  is  to 
represent  the  sun.  At  a distance  of  160  yds  from  this  circle 
a student  will  hold  a marble  (one-half  in.  in  diameter). 

This  represents  the  earth.  Each  student  is  asked  to  look 
at  the  marble  from  the  big  circle  and  answer  the  following 
questions:-  Can  you  see  the  ‘’earth1'  from  the  "sun"?  (Teacher 
will  at  this  point  offer  the  use  of  binoculars  or  email  tele- 
scope to  suggest  what  can  be  accomplished  with  such  instruments] 
What  is  between  the  real  sun  and  earth?  Why  doesn*t  the  earth 
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fly  Into  space? 

6.  How  much  of  the  sun* 8 light  does  the  earth  intercept?  The 
teaoher  suspends  from  the  ceiling  a silver  colored  ball  bear* 
ing.  The  room  is  darkened  and  twenty  five  feet  away  a one - 
hundred  watt  bulb  glows  to  represent  the  stm.  The  following 
questions  are  a3ked.  Is  the  metal  "earth”  reflecting  any 

of  the  "suns"  light?  How  muoh  light  does  the  "earth"  intercept? 
"Where  does  the  rest  of  the  "sun*s"  light  go?  Does  the  earth 
get  any  light  from  any  other  source?  Would  the  earth  get  more 
light  if  it  were  nearer  to  the  sun? 

7.  What  are  the  relative  sizes  of  the  sun  and  the  nine  planets 
of  the  solar  system?  Draw  on  a large  sheet  of  paper  a circle 
at  least  one  foot  in  diameter  to  represent  the  sun.  Then  at 
various  points  inside  this  circle  draw  circles  to  represent 
the  various  planets  compared  with  the  sun.  See  table  XVI 
(24:430)*  for  the  needed  information  regarding  the  size  of  the 
planets. 

8.  What  are  the  major  planets?  Minor  planets?  Can  you  name  the 
"Naked-eye"  planets?  Consult  Science  News  Letter  magazine, 
usually  the  last  issue  of  the  month,  for  a complete  descrip- 
tion of  the  skies  and  location  of  the  planets  for  this  month. 

Let  your  teacher  help  you  to  make  plans  to  locate  the  visible 
planets  this  evening.  Note:-  The  best  way  to  locate  the 
planets  is  to  study  the  constellations.  The  best  way  to  learn 
the  constellations  is  to  start  with  the  Big  Dipper  in  Ursa 
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Major,  end  the  Pole  Star,  and  proceed  wouthward  and  east- 
ward until  the  accessible  portion  of  the  sky  is  covered.  Do 
not  try  to  learn  too  many  constellations  in  one  night;  instead, 
learn  a few  well  and  review  your  knowledge  frequently. 

9.  Obtain  graph  paper  from  the  master  copies  located  on  the 
teacher's  desk  plot  the  following  constellations,  (l)  Big 
Dipper,  (2)  Little  Dipper,  (5)  Cassiopeias  Chair,  and  (4) 

Leo  the  Lion,  (5)  Gemini,  the  Twins.  Familiarize  yourself 
with  the  general  shape  of  the  constellations  and  try  to  locate 

f 

these  on  any  clear  night.  (6:  13-14). 

10.  Copy  from  the  board  fhe  Celestial  Time  Table  for  March.  Use 
this  card  during  the  month  to  guide  you  in  following  the  events 
that  occur  in  the  heavens.  Science  News  Letter,  Nature  Mag- 
azine, and  certain  newspapers  devote  much  space  to  calendars 
each  month  with  the  view  toward  establishing  a life-time  habit 
which  will  bring  you  much  interest  and  enjoyment. 

11.  Consult  the  special  study  and  activity  guide  entitled,  ’’What 
is  happening  in  the  heavens  during  the  month  of  March”. 

12.  How  many  important  facts  about  the  planet  earth  do  you  know? 
Take  the  globe  of  the  earth  to  your  desk  and  study  it  to  deter- 
mine the  following  facts.  At  what  angle  is  it  tipped  away 
from  the  perpendicular?  Locate  the  equator.  "Where  are  the 
direct  rays  of  the  sun  striking  the  earth  today?  Lines  run- 
ning east  and  west  are  known  as  the  paralells  or  latitudes. 
Locate  the  nearest  latitude  to  your  locality.  Lines  running 
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through  the  poles  and  north  to  south  are  known  as  the 
meridians.  Locate  longitudinal  line  of  your  locality.  "Which 
longitude  is  known  as  the  prime  meridian?  The  International 
Date  Line?  Use  the  seal  at  the  top  of  the  globe  and  deter- 
mine 7/hat  time  it  now  is  at  various  points  on  the  earth’s 
surface.  Be  able  to  explain  what  is  meant  by  the  ecliptic, 
heat  equator.  Tropic  of  Cancer,  Tropic  of  Capricorn.  How- 
fast  is  the  earth  turning  at  the  equator?  At  the  north  pole? 
(24:435-439)  (9:81-87). 

13.  At  Hammerfest,  Norway,  which  is  located  71  degrees  north, 
the  sun  never  sets  from  May  13  to  July  2 and  never  rises 
from  November  12  to  January  23.  See  if  you  can  explain  why 
this  is  true. 

14.  Do  people  who  live  at  the  equator  have  summer  and  winter  as 
we  do?  Explain.  How  would  our  seasons  be  different  if  the 
axis  of  the  earth  were  not  inclined?  The  longest  and  short* 
est  days  occur  about  June  21  and  December  21.  However,  the 
warmest  and  coldest  weather  does  not  usually  come  until  a 
month  after  th&se  dates.  Exlain  why.  (24:435-437). 

15.  In  what  direction  does  the  earth  rotate?  East  to  west  or 
▼rest  to  east?  Who  sees  the  sun  first  each  day?  The  people 
in  New  England  or  the  people  in  California?  Since  the  sun 
"apparently"  moves  across  the  earth  each  day  how  long  would 
it  take  to  cover  15  degrees  of  distance  from  any  one  spot? 
Distinguish  between  standard  time  and  daylight-saving  time. 
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What  was  War-time?  How  many  standard  time  belts  are  there 
on  the  North  America  continent?  What  time  is  it  now  in  Nova 
Scotia?  (25:90). 

16.  In  encyclopedias  of  ancient  history  books  look  up  the  story 
of  the  first  calends  How  many  calendars  are  there  in  use 
in  the  world  today? 

17.  Why  did  Pope  Gregory  correct  and  replace  the  Julian  calendar? 

Y/hat  is  the  rule  that  determines  when  we  will  have  a "leap 
year"?  List  some  of  the  difficulties  we  have  with  our  present 
calendar.  What  suggestions  have  been  made, or  would  you  make, 
to  reform  the  present  calendar?  (9:207-234)  (25:22-23). 

18.  How  do  eclipses  of  the  moon  and  sun  take  place?  Demonstration: 
With  the  aid  of  a spotlight,  (to  represent  the  sun)  a basket- 
ball (to  represent  the  earth)  and  a tennis  ball  (to  repre- 
sent the  moon)  the  teacher  will  place  these  bodies  in  posi- 
tions which  will  show  how  eclipses  take  place*  In  this 
demonstration  be  careful  to  note  the  shape  of  the  shadow 
which  is  thrown  by  both  the  earth  and  the  moon  when  these 
opaque  bodies  coxae  between  the  source  of  light.  Recall  the 
eclipse  of  the  moon  on  December  23  last.  Was  it  similar  to 
the  effect  shown  by  the  demonstration?  Is  the  whole  moon 
dark  in  a total  eclipse?  Why?  Yfhat  is  the  corona,  which 

is  visible  in  a total  solar  eclipse?  Why  does  it  appear? 

Why  are  astronomers  so  greatly  interested  in  the  sun’s 
corona?  (8:1-9)  (8:1399140)  (6:61,  204)  (7:75086). 
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19.  Make  a study  of  the  surface  of  the  moon.  Mention  theories 
as  to  the  cause  of  its  rough  surface.  Look  in  any  calendar 
to  see  what  phase  of  the  moon  is  due  to  appear  tonight.  Draw 
on  paper  all  phases  of  the  moon.  During  which  phase  of  the 
moon  does  an  eclipse  of  the  sun  or  moon  occur?  Why?  Does 
the  moon  rotate?  The  moon  always  keeps  the  same  side  toward 
the  earth?  Does  it  always  keep  the  same  side  toward  the  sun? 
Explain.  Make  a scale  model  that  shows  the  earth,  the  moon 
and  the  distance  between  them*.  Use  a ball  2 or  3 inches  in 
diameter  for  the  earth.  Then  calculate  how  large  the  “moon" 
should  be.  Make  it  out  of  clay  end  mold  it  to  size.  Cal- 
culate how  far  apart  the  balls  should  be,  and  fasten  them 

on  a long  board  with  nails.  (7:61-74)  (25:23-25). 

20.  Does  the  moon  help  to  light  up  the  earth  to  any  great  extent? 

Demonstration:  By  darkening  a room  and  standing  back-to  a 

large  white  cardboard,  direct  a spotlight  toward  the  opposite 
side  of  the  room.  Place  a large  white  globe  in  the  position 
which  would  give  the  full  moon  effect  in  relation  to  the  light 
from  the  sun.  Notice  how  the  previously  darkened  board  bright- 
ens up.  What  conclusion  do  you  come  to  in  regard  to  the  re- 
flection power  of  the  moon?  What  is  the  difference  between 
sunshine  and  moonlight? 

21.  Again  refer  to  an  almanac  or  calendar  and  study  the  occurrence 
of  the  tides.  The  sun  and  the  moon  help  to  make  an  unusually 
high  tide  during  two  phases  of  the  moon.  Which  phases  are 
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these?  Why?  Use  a diagram  to  help  illustrate  your  answer  to 
this  question* 

22.  Two  comets  are  worthy  of  study,  namely  Bela’s  and  Halley’s* 

As  you  read  about  either,  or  both,  of  these  comets  try  to  find 
out  what  scientists  beleive  the  head  and  tail  of  the  comet  is 
composed  of*  Why  do  we  consider  comets  as  members  of  the 
solar  system?  Make  a table  wherein  you  compare  a comet  with 
a meteor*  In  this  table  consider  the  distance  of  both  bodies 
from  the  earth;  how  long  each  is  risible  to  the  naked  eye  or 
by  telescope;  whether  made  by  solid  particles  or  dustlike; 
amount  of  light  or  heat  given  off  by  both  bodies,  and  any  other 
factors  you  may  find*  (25:26-27)  (8:90-97)  (9:181-204)* 

23.  What  is  the  difference  between  a meteor  and  a meteorite?  Is  it 
correct  to  call  a metor  a "shooting"  or  "falling”  star?  Why? 
Examine  the  meteorite  in  rock  collection  and  describe  its 
physical  properties*  Why  is  it  difficult  to  find  many  meteor- 
ites? Consult  your  celestial  time  table  to  find  out  when 

and  at  what  time  of  day  it  is  possible  to  see  a shower  of 
meteors  in  the  sky.  If  possible,  arrange  with  a group  to 
witness  such  a display. 

24*  Between  the  planets  Mars  and  Jupiter  are  many  smaller  bodies 
known  as  asteroids  and  planetoids.  Account  for  their  origin, 
size  and  number.  Why  are  they  members  or  the  solar  system? 

26*  Refer  to  the  chart  on  the  bulletin  board  which  depicts  the 
largest  and  smallest  things  in  the  universe.  As  to  kinds  of 
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bodies,  how  do  the  sun  and  stars  compare?  How  significant 
is  the  solar  system  when  compared  to  other  bodies  in  space? 

Is  it  possible  for  you  to  comprehend  the  vastness  of  the 
universe?  How  would  you  distinguish  between  the  solar  system 
and  the  galactic  system  (or  galaxy)?  How  would  you  explain 
the  Milky  Way,  its  composition  and  shape,  to  the  class? 

26.  Mar's  increasing  knowledge  of  the  heavens  parallels  his  in- 
vention of  scientific  instruments.  Trace  the  development  of 
telescope  from  the  time  of  Galileo  to  the  present.  Where  are 
the  large  telescopes  located  in  this  country?  What  is  the 
difference  between  a refracting  telescope  and  a reflecting 
telescope?  Be  sure  to  include  the  principle  of  science  which 
explains  the  operation  of  the  telescopes  in  your  description. 
Explain  the  purpose  of  the  following  scientific  devices  used 

by  astronomers:  (1)  Spectroscoper,  (2)  spectrograph.  How  great 
a part  does  the  camera  play  in  the  work  of  astronomers  today? 

27.  How  fast  does  light  travel?  Read  about  Romers  Classic  ex- 

periment which  determined  the  speed  of  light.  Have  any  other 
calculations  as  to  the  speed  of  light  been  made?  Who  made 
them?  What  is  a light-year?  What  mathemieal  background  would 
be  helpful  to  an  astronomer?  (6:131)  (6:14). 

C.  Optional  related  activities:  — 

1.  Make  a gold  dust  (flash^on)  star  map.  Draw  on  a cardboard 
the  general  shape  of  any  one  constellation.  Make  small 
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pencil  dots  on  this  drawing  to  represent  the  different  stars. 
With  a speed-ball  pen  dipped  into  bronzing  liquid,  make  small 
dots  over  the  pencil  dots.  Vllith  a sharp  pen  or  needle  make 
a small  hole  through  each  painted  dot.  Show  several  of  these 
charts  to  the  class  by  darkening  a room  and  placing  a flash-- 
light behind  the  cardboard. 

2.  Become  a meteor  observer.  Consult  any  good  celestial  calen- 
dar for  advance  notice  of  the  meteor  showers.  Plan  to  make 
an  observation  and  make  a record  of  the  facts  you  observe. 
Compare  fend  share  your  observations  with  your  fellow  students. 
Bring  your  facts  to  school  and  post  them  on  the  bulletin 
board.  Urge  the  class  to  contribute  additional  facts  to  a 
permanent  record  of  meteor  observations  which  can  be  con- 
tinued by  other  classes. 

3.  Make  a wire  model  of  the  solar  system.  Notch  two  pieces  of 
wood  so  that  they  form  a cross.  Fasten  nine  rows  of  tacks 
on  each  cross-piece.  Solder  the  wire  to  the  tacks.  Cal- 
culate to  scale  the  proper  demensions  which  will  represent 
the  distance  of  each  planets  orbit.  Pluto  the  farthest 
planet,  could  be  14  inches.  Burn  or  cut  a slit-groove  on 
several  wooden  ball  of  proportionate  size.  A 4 inch  ball 
could  represent  the  sun.  Calculate  the  size  of  the  other 
planets  and  keep  them  proportionate*  Paint  each  planet  in 
different  colors* 

4.  Locate  some  person  in  town  who  possesses  a sextant*  Ask  the 
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owner  of  the  sextant  to  show  you  how  it  is  ueed  in  nav- 
igation* If  possible  arrange  to  show  the  class  how  this 
instrument  is  used* 

5.  Make  a telescope  similar  to  that  used  by  thousands  of  ama- 
teur astronomers  all  over  the  world*  If  you  are  handy  with 
tools  and  like  to  experiment  you  can  make  one.  The  most  im- 
portant cost  is  your  "elbow-grease”  and  some  perseverance. 

Start  out  individually,  or  form  a group.  Your  teacher  will 
gladly  provide  you  with  all  kinds  of  advice  and  information* 

6.  Make  a "Stero"  viewer*  Most  pictures  in  books  appear  in  two 
dimensions— -length  and  width.  With  this  instrument  you  are 
able  to  see  three  dimensional  pictures.  For  example,  the  moon 
looks  like  a white  wafer,  yet  it  is  really  a great  ball  of 
rock*  Many  books  are  now  including  these  stereoptican  pictures 
for  better  space  views*  See  your  instructor  for  construction 
detail. 

7.  Can  you  improve  on  the  present  calendar?  Try  your  hand  at 
constructing  a complete  world  calendar.  Is  this  really  1946 
A.  D.?  Have  calendars  been  changed  many  times  in  history? 
Point  out  the  inefficiencies  of  the  present  calendar. 

8.  Write  a paper  on  the  following  topic:  The  History  of  Astron- 

omy. Show  that  astronomy  is  very  old  science*  Find  as  many 
Biblical  references  (to  the  stars)  as  you  can.  Include  the 
main  contributions  of  the  earlier  astronomers  such  as  Ptol- 
emy, Copernicus,  and  Galileo. 
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9.  Make  a chart  or  drafting  showing,  (1)  the  averent  Chinese 
conception  of  the  movements  of  the  earth.  Thi3  should  be 
a scene  showing  the  earth  held  up  by  her  seven  stone  pillars, 
(2)  The  Hindu  conception  (the  earth  resting  on  the  back  of 
an  elephant  who  stood  on  the  back  of  a turtle),  (3)  Greek 
conception,  (the  earth  resting  on  the  back  of  Atlas). 

10.  Collect  a variety  of  stamps  that  have  astronomical  designs 

on  them.  Foreign  stamps  should  be  sought  out  for  the  success- 
ful completion  of  this  exercise. 

11.  Collect  as  many  advertising  symbols  as  you  can  which  use 
astronomical  figures  in  their  trade  marks.  For  example, 
Pegasus— the  flying  red  horse— (Socony) , Pleades  Publishing 
Co.,  Ivory  Soap,  and  others.  Paste  these  on  charts  and 
show  them  to  the  class. 

12.  Compile  a number  of  old  beliefs  and  superstitions  concerning 
the  stars  and  their  influence  on  man.  Be  prepared  to  show 
whether  or  not  these  beliefs  are  supported  by  scientific 
facts.  Show  how  this  type  of  thinking  influences  the  lives 
of  people  and  governs  their  actions.  Compare  the  extent 

of  this  influence  in  the  past  with  the  present. 

13.  Graphically  picture  the  growth  of  astronomy  as  a science. 

Bring  out  the  fact  that  the  progress  made  parallels  the  many 
improvements  in  the  telescope  and  other  scientific  instruments. 

. Make  a study  of  the  Greek  alphabet.  Familiarize  yourself  with 
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as  many  letters  and  symbols  as  you  can.  Knowledge  of  this 
alphabet  is  useful  in  many  ways  in  science  work..  Recite  this 
alphabet  to  the  class  and  see  how  many  other  pupils  you  can 
teach  it  to. 

15.  Prepare  to  retell  to  the  class  some  of  the  ancient  legends 
which  pertain  to  the  stars.  For  example  the  winged  horse. 

Who  rode  him?  Andromeda,  the  captive  maiden.  Who  held  her 
captive?  Why?  Add  any  others  which  you  think  might  interest 
the  class. 

16.  In  a book  of  myths  read  the  stories  of  the  ancient  Roman  gods 
for  whom  the  planets  were  named.  Be  prepared  to  tell  the  class 
some  of  these  interesting  things  you  discover  about  Jupiter, 
Mars,  Saturn  and  Venus. 

17.  Arrange  with  a group  of  students  to  have  a star  and  constella- 
tion hunting  party.  Select  a clear  moonless  evening,  decide 
upon  a suitable  meeting  place  and  make  the  proper  preparations 
which  should  include  star  charts  and  a focusing  flashlight. 

j 

Invite  your  instructor  to  attend  and  any  parents  who  may  wish 
to  join  you. 

18.  Mathematical  exercise.  Do  you  enjoy  setting  down  numbers  and 
multiplying  them?  If  so,  then  figure  out  the  time  it  takes 
for  light  to  reach  the  earth  from  the  following  places, 

(1)  the  moon,  (2)  the  sun,  (3)  each  planet,  (4)  Alpha  Centauri, 
(5)  the  Milky  Way,  (6)  Andromeda  Nebula. 

19.  Select  one  or  more  of  the  following  scientists  and  prepare  a 
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biographical  sketch* 

(1)  Thales— The  man  who  knew  how  to  foxtail  an  eclipse* 

(2)  Hipparchus— Who  first  wrote  down  the  stars. 

(3)  Ptolemy— Ee  believed  the  sun  went  around  the  earth. 

(4)  Copernicus— Who  put  the  earth  in  its  place* 

(5)  Kepler— Whose  laws  govern  the  planets* 

(6)  Galileo— Who  first  put  the  telescope  to  the  stars. 

(7)  Newton— Whose  mind  made  the  Universe  one  family. 

(8)  Roemer— Who  first  clocked  the  speed  of  light. 

(9)  Halley— who  first  fortold  a comet's  coming. 

(10)  Bradley— Whose  failure  spelled  success. 

(11)  Bessel— who  first  found  the  distance  to  a star. 

(12)  Adams— Who  discovered  Neptune. 

(13)  Leavitt— Keen-eyed  measurer  of  space* 

(14)  The  Herschel  family— A famous  star  minded  family. 

(15)  Percival  Lowell— Discoverer  of  Pluto* 

20.  Make  a report  on  the  planetariums  of  the  United  States.  Write 
to  the  Hayden  planetarium  in  New  York  City  and  make  inquiries 
about  the  program  staged  there.  Consider  the  possibility  of 
interesting  your  parents  and  a group  of  friends  to  visit  this 
interesting  place  of  instruction  and  entertainment. 

22*  As  an  evening  exercise,  losate  the  Big  Dipper  and  Polaris, 

the  north  star.  Notice  how  the  two  pointer  stars  of  the  Dipper 
point  in  the  general  direction  of  Polaris.  Look  at  the  posi- 
tion of  the  Dipper  early  in  the  evening,  then  later  the  same 
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evening,  and  again  in  the  morning  before  daylight.  Describe 
the  apparent  motion  of  the  Dipper.  Plot  the  noticed  positions 
on  a single  chart.  Could  the  Dipper  be  used  to  tell  time? 

22.  Survey  your  town's  magazine  stores  and  estimate  the  amount  of 
astrological  literature  that  is  sold.  What  do  your  findings 
indicate  as  to  the  extent  of  superstitious  beliefs  prevailing 
in  this  modern  age?  What  do  you  think  can  be  done  to  improve 
this  situation? 

23.  Make  a survey  of  homes  located  in  the  rural  districts  and  ask 
farmers  if  they  possess  almanacs.  Make  further  inquiries 
covering  what  use  is  made  of  these  books.  See  how  many  farmers 
you  can  find  who  carry  out  their  plantings  according  to  the 
star's,  or  moon's  phases.  How  much  credence  do  girls  or  women 
place  in  horoscopes?  Write  up  your  report  and  present  it  to 
the  class. 

24.  Make  a sundial  and  mount  it  so  that  it  will  show  the  time  of 
day. 

25.  Look  up  the  topic  of  "daylight  Saving  Time."  Be  sure  to  tell 
in  your  report  how  the  movement  was  started.  Why  was  the 
movement  started?  Is  it  used  in  all  communities,  and  to  what 
extent? 

26.  Consult  astronomy  books  as  to  when  the  next  total  or  partial 
solar  eclipses  are  to  be  visible  in  this  locality.  Add  to 
this  information  any  other  of  the  celestial  happenings  that 
are  to  take  place  in  the  near  future.  Write  this  exercise 
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as  a sort  of  calendar  of  future  events  and  distribute  one 
to  each  member. 

27.  Kaep  an  "Astro  Book"  in  which  you  write  your  Astronomical 
Studies,  Thoughts,  Readings,  and  Observations.  Include 
newspaper  clippings  and  pictures  from  magazines  bearing  on 
the  subject  of  astronomy.  If  you  choose,  this  may  be  an 
individual  or  group  subject. 

28.  Read  some  good  books  and  magazines  pertaining  to  astronomy 
during  this  unit.  Prepare  these  in  book  review  form  and 
submit  your  report  to  both  your  English  and  science  teachers 
for  possible  credit.  Consult  your  library  reading  list  for 
book  suggestions. 

29.  Create  an  original  poem  about  any  of  the  heavenly  bodies. 
Examine  any  issue  of  Nature  Magazine  for  examples  of  such 
poems. 

30.  Write  an  original  playlet  depicting  some  important  event  in 
the  history  of  astronomy.  Emphasize,  if  you  can,  the  impor- 
tance of  the  scientific  method.  When  completed  submit  your 
manuscript  to  the  teacher  and  if  possible  arrangements  will 
be  made  for  the  dramatization  of  the  playlet. 

31.  Serve  on  a committee  to  take  charge  of  the  bulletin  board 
during  the  progress  of  this  unit.  This  committee  will  so- 
licit contributions  of  feature  articles  and  pictures  from 
the  other  members  of  the  class.  The  editing  and  arrange- 
ment of  the  articles  in  such  manner  that  they  command  at- 
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tentien  of  the  class  will  constitute  a measure  of  your 
success  in  this  exercise. 
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References  for  Teacher’s  Use  Only. 
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Objective  Diagnostic  Test  on  the  Unit, 

The  Heavenly  Bodies 
Section  I— True-False  Items 

Directions  for  true-false  items:  Read  each  statement  carefully. 


If  you  think  the  statement  is  true,  pencil  a circle  around  the 
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number  of  the  statement.  If  you  think  the  statement  is  false, 
make  an  X through  the  number  of  the  statement.  If  any  part  of 
the  statement  is  false,  it  is  all  false.  Mark  all  statements. 
Your  score  will  be  the  total  of  the  items  which  you  get  right. 
Therefore  you  should  not  leave  any  items  unmarked. 


T 1. 

A planet  with  beautiful  rings  around  it  describes  Saturn. 

T 2. 

The  universe  includes  all  the  bodies  which  exist  in  spaoe. 

F 3. 

The”Big  Dipper”  is  one  of  the  constellations  of  the  Zo- 
diac. 

T 4. 

Meroury  and  Venus  are  between  the  3un  and  the  earth. 

F 5. 

Every  four  years  we  have  a ”leap”  year. 

T 6. 

The  speed  of  light  is  faster  than  the  speed  of  sound. 

T 7. 

The  planets  appear  to  move  from  west  to  east  across  the 
sky. 

CO 

. 

Polaris  is  known  as  the  Eastern  Star. 

. 

CD 

Pn 

The  sun  and  the  stars  are  different  kinds  of  bodies. 

T 10. 

The  days  are  shorter  in  winter  because  the  northern  half  of 
the  earth  is  less  than  half  lighted  at  that  season. 

T 11. 

The  rays  of  the  sun  strike  the  earth  at  different  angles 
in  different  seasons. 

F 12. 

The  total  area  of  the  moon  can  be  seen  from  the  earth. 

F 13. 

The  Zodiac  is  the  highest  point  in  the  sky  above  the 
horizon. 

P 14.  The  circumpolar  constellations  rise  in  the  east  and  set 


in  the  west  each  evening. 

F 15. 

Spots  on  the  sun  are  heavenly  bodies  that  place  themselves 
between  our  earth  and  the  sun. 

F 16. 

The  constellations  of  the  southern  hemisphere  are  not 
visible  from  this  latitude. 
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T 17.  Galileo  was  the  first  scientist  to  observe  the  planets 
with  the  telescope. 

T 18.  It  would  take  light  about  eight  minutes  to  reach  the  earth 
coming  from  the  sun. 

F 19.  Tides  ris9  and  fall  once  each  day. 

T 20.  The  sun's  diameter  is  over  lOOtimes  the  diameter  of  the 
earth. 

T 21.  The  world  is  closer  to  the  sun  on  New  Year's  Day  than  on 
the  Fourth  of  July. 

F 22.  At  "new  moon”  we  see  half  of  the  moon's  surface. 

T 23.  There  are  stars  in  the  sky  during  the  day  as  well  as  at 
night. 

T 24.  The  3ize  of  the  universe  is  unligtited,  as  far  as  we  know. 

T 25.  Astronomers  believe  that  there  are  many  galaxies  in  all 

of  space. 

F 26.  An  eclipse  occurs  when  the  sun  is  between  the  earth  and 
the  moon. 

T 27.  The  moon  is  visible  because  it  reflects  sunlight. 

T 28.  Our  sun  and  the  various  bodies  which  revolve  round  it 

occupy  a very  small  part  of  the  universe. 

F 29.  People  in  California  see  the  sun  before  the  people  in 
Maine  do. 

T 30.  The  moon  revolves  around  the  earth  and  at  the  same  time 
turns  once  upon  its  axis. 

T 31.  When  the  moon  is  in  the  earth's  shadow  an  eclipse  of  the 
moon  occurs. 

T 32.  Solar  time  is  the  same  in  all  localities  having  the  same 
meridan. 

F 33.  The  most  important  body  in  the  solar  system  is  the  earth. 

F 34.  Most  of  the  sun's  heat  and  light  energy  is  absorbed  by 
the  earth. 

F 35. 


Pluto,  Uranus,  and  Neptune  are  classed  as  the  naked-eye 
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planets. 

P 36.  TOien  it  is  noon  in  Sanford,  Maine  it  is  morning  in  Holly- 
wood, California. 

F 37.  There  is  atmosphere  on  the  moon. 

F 38.  Every  planet  has  at  least  one  moon. 

F 39.  Our  present  calendar  is  named  after  Julius  Caesar. 

T 40,  The  sun  is  a mass  of  extremely  hot  gases. 

T 41*  At  ’’full  moon”  the  moon  is  farthest  from  the  sun. 

F 42.  The  eclipse  of  the  sun  occurs  at  "full  moon". 

T 43.  Daylight-saving  time  is  time  which  has  been  advanced  one 
hour  ahead  of  standard  time. 

F 44.  The  year  1900  was  a leap  year. 

F 45.  A twinkling  body  in  the  heavens  is  probably  a planet. 

F 46.  The  lines  of  latitude  pass  through  the  north  and  south 
poles. 

T 47.  New  constellations  are  visible  during  different  seasons. 

T 48.  The  year  2000  will  be  a leap  year. 

T 49.  The  earth  rotates  from  west  to  east. 

F 50.  The  sun  itself  is  moving  in  the  direction  of  the  star 
Polaris. 

F 51.  The  moon  alone  is  responsible  for  the  tides  of  the  ocean. 

T 52.  The  Tropic  of  Cancer  is  north  of  the  equator. 

T 53.  Sunspots  are  known  to  affect  weather  and  radio  reception. 

T 54.  During  March,  this  year,  the  planets  Mars  and  Saturn  were 
located  near  the  constellation  of  Gemini  (the  Twins). 

F 55.  "Shooting"  or  "falling  stars"  are”really"  stars. 

T 56.  Planets  shine  by  means  of  reflected  light. 

T 57.  Planets  are  made  of  materials  somewhat  like  those  of  the 
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earth. 

T 58. 

The  markings  upon  the  face  of  the  moon  are  really  mountain 
chains,  craters  and  vast  plains. 

F 59. 

The  largest  body  in  the  solar  system  is  Jupiter. 

F 60. 

One  would  have  to  watch  the  heavens  all  night  long  to  see 
all  of  the  planets. 

T 61. 

Men  began  to  notice  the  various  star  groups  before  the  dawn 
of  civilization. 

F 62. 

Stars  are  no  longer  used  in  modern  day  navigation. 

T 63. 

Many  of  the  stars  visible  to  the  naked  eye  are  much  brighter 
than  our  sun. 

F 64. 

Astrology  is  a true  and  proved  science. 

T 65. 

The  northern  hemisphere  is  more  inclined  toward  the  sun 
in  our  summer  them  in  our  winter. 

F 66. 

A star  of  sixth  magnitude  is  much  brighter  than  one  of 
first  magnitude. 

T 67. 

The  revolution  of  the  moon  around  the  earth  is  the  chief 
cause  of  the  phases  of  the  moon. 

F 68. 

The  moon  furnishes  the  signs  used  by  the  Weather  Bureau 
in  forecasting  weather  changes. 

F 69. 

Meteors  are  falling  stars  that  may  be  million  of  miles  away. 

F 70. 

A star  four  light-years  away  is  93  million  miles  from  the 
earth. 

F 71. 

The  sun  is  directly  overhead  at  the  equator  during  the 
entire  year. 

T 72. 

Long  before  Columbus,  the  theory  of  the  spherical  earth 
was  accepted  among  scientific  people. 

F 73. 

The  earth  moves  around  the  sun  at  a regular  pace. 

T 74. 

The  youngest  stars  are  of  a brilliant  bluish  color. 

F 75. 

The  distances  between  the  island  universes  are  becoming 
shorter. 
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Section  II 


76-85. 


76. 

77. 

78. 

79. 

80. 
81. 
82. 

83. 

84. 

85. 


86-92. 


Directions:  If  the  following  sentences  seem  to  fit  the 

description  of  a comet  write  the  letter  (C)  in  the  paren- 
theses at  the  left.  If  the  sentences  describe  a character- 
istic of  a meteor  write  the  letter  (M)  in  the  parentheses 
at  the  left. 

(C)  The  light  is  about  that  of  a star. 

(C)  Seems  to  remain  stationary  in  the  sky. 

(C)  Visible  for  days. 

(M)  Seems  to  sweep  rapidly  across  the  sky. 

(M)  Is  usually  less  than  two  hundred  miles  away. 

(M)  Is  a single  solid  particle. 

(M)  Visible  for  a few  seconds  only. 

(C)  Is  a swarm  of  small,  widely  scattered  particles. 

(C)  The  volume  is  greater  than  that  of  the  earth. 

(C)  Is  millions  of  miles  away. 

Section  III 

Directions:  All  omitted  words  or  phrases  appear  in  the 

column  at  the  left  of  the  page.  Show  that  you  know  which 
word  or  phrase  has  been  omitted  from  each  blank  by  putting 
the  number  of  the  blank  in  the  proper  parentheses  at  the 
left.  For  example,  1 is  put  in  the  parentheses  in  front 
of  the  word  omitted  from  blank  number  1. 


The  two  forces  acting  on  planets  are 


( ) day 

( 7)  rotation 


(1)  attraction  and  (2)  force.  The  re- 
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( ) moon 

( 1)  gravitational 
( 5)  revolution 
(4)  sun 

(2)  centrifugal 

( ) year 

(3)  orbit 
( 6)  axis 

93-102 . Directions: 
( ) southward 

( 3)  northward 
(2)  equinox 

(4)  Cancer 

( ) Capricorn 

( 1)  equator 
( 5)  June  21 
( ) September  22 

( 6)  solstice 
( ) comets 

( ) meteors 

( 8)  planets 
( 9)  moon 
( 7)  ecliptic 
(10)  zodiac 


suit ant  of  these  two  forces  give  to  the 

planets  an  elliptical  (3) around  the 

(4) . The  length  of  time  required 

for  a planet  to  complete  its  (5) is  a 

year  for  that  planet.  At  the  same  time 

eaoh  planet  is  rotating  on  its  (6) . 

The  length  of  time  for  a complete  (7) 

of  any  planet  is  its  day. 

Follow  same  directions  as  for  section  III. 

On  March  21,  at  12:33  a.  m.  (EST), 
the  sun  will  continue  to  climb(3)  until 
it  reaches  that  point  on  the  earth  des- 
ignated as  the  Tropic  of  (4) The 

direct  rays  of  the  sun  will  strike  that 

area  on  or  about  (5) . This  event  is 

called  the  summer  (6) . Of  course,  the 

sun  does  not  really  move,  and  the  apparent 
path  it  follows  across  the  sky  is  known 

as  the  (7) j The  heavenly  bodies  which 

also  follow  the  same  path  are  the  (8) 

and  the  (9) . Arranging  themselves 

as  a sort  of  background  for  these  bodies 
are  the  constellations  of  the  10  • 
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103-112.  Directions: 

(10)  sun 
( 9)  nessp  tide 

(5)  tides 

( 1)  eastward 
(8)  spring  tide 
(2)  celestial  sky 
( 7)  ebb  tide 
( 3)  month 

(6)  flood  tide 
( 4)  240,000 


Section  IV. 

Follow  same  directions  as  for  section  III. 

The  moon  moves  (1)  among  the  stars, 

and  makes  the  complete  circuit  of  the  (2) 

in  a (3) . The  moon  is  approximately 

(4) miles  from  us.  The  gravitational 

pull  of  the  moon  on  the  earth  causes  (5)__ 
7/hen  the  water  is  rising  on  the  seashore 

it  is  known  as  (6) • "When  the  water  is 

falling  or  going  out  it  is  known  as  (7) . 

When  the  sun  and  moon  are  pulling  together 
on  the  earth  we  have  unusually  high  water 

known  as  (8) . When  the  sun  and  moon 

are  pulling  opposite  one  another  we  have 

(9) . The  moon’s  tide  raising  force 

is  more  than  double  that  of  the  (10) • 


113-124.  Directions: 
( ) revolves 

( 3)  365j 
(5)  climatic 
( ) axis 

( 1)  rotates 
( 6)  seasons 


Section  V. 

Follow  same  directions  as  for  section  III* 

The  earth  (1) on  its  axis,  and 

revolves  on  its  (2) . A complete  trip 

of  the  earth  around  the  sun  is  made  in 
(3)  days.  The  axis  of  the  earth  is  tip- 
ped (4) degrees  from  the  perpendicular. 

The  tipping  is  responsible  for  the  (5) 
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( 4)  2& 

zones  and  the  (6)  • Scientifically  speak- 

(  7)  vernal 

ing,  spring  is  the  period  from  the  (7) 

( 8)  solstice 

equinox  to  the  summer  (8)  . Winter  is 

( 9)  short 

popularly  known  as  the  season  of  (9)  days 

( ) long 

with  the  sun  (10)  in  the  sky.  The  earth  is 

( ) high 

closest  to  the  sun  about  (11)  and  farthest 

(10)  low 

(11)  January 

(12)  July 

( 2)  orbit 

from  the  sun  about  (12)  • 
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CHAPTER  III 

RESULTS  OF  TEACHING  TT/O  UNITS,  THE  EARTH'S  SURFACE 
AND  THE  HEAVENLY  BODIES,  BY  THE  UNIT  METHOD 
The  Summary 

The  pupils*— The  units,  fh©  Heavenly  Bodies  and  the  Earth’s  Surface 
•were  planned  for  105  ninth  grade  pupils  divided  into  four  sections  of 
varying  sizes  in  a course  in  general  science. 

In  chronological  ages  the  pupils  of  section  I ranged  from  14  years 
to  17  years;  of  section  2,  from  13  years  to  19  years;  of  section  3, 
from  14  years  to  19  years;  of  section  4,  from  13  years  to  18  years. 

In  intelligence  quotients  the  pupils  of  section  1 ranged  from 
82  to  125  with  a median  of  109.06;  of  section  2,  from  87  to  129  with 
a median  of  110.00;  of  section  3 from  84  to  116  with  a median  of  100.42; 
of  section  4 from  88  to  130  with  a median  of  107.00* 

In  reading  ability,  in  terms  of  grade  level,  the  pupils  of  section 
1 ranged  from  7.3  to  13  plus;  of  section  2,  from  5.3  to  13  plus;  of 
section  2 from  6.5  to  13  plus;; of  section  4 from  6.9  to  13  plus. 

The  parents  of  most  of  the  pupils  are  of  English  or  French  descent 
and  were  born  in  the  United  States.  The  French-Canadian  population 
is  well  represented  in  numbers.  Four  other  countries  are  represent- 
ed in  the  birth  places  of  the  parents  of  other  pupils.  The  pupils  of 
French  descent  speak  the  language  of  the  parents,  at  home  and  in  groups 
outside  of  the  home.  Many  of  these  pupils  attended  the  parochial 
schools  for  their  elementary  training.  Many  of  these  pupils  experienced 
difficulty  in  reading  the  English  language  and  where  many  of  the 
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instructions  were  written,  it  proved  to  delay  their  progress  some- 
what. The  unit  method  seemed  to  be  very  helpful  here  as  it  brought 
the  teacher  around  the  room  to  where  individual  attention  could  be 
given. 

Transformation  of  the  traditional  classroom:—  The  following 
changes  in  the  physical  features  of  the  room  had  to  be  made  before 
the  unit  was  presented  to  the  pupils: -- 

1.  Armchairs  were  removed  and  rectangular  flat-topped  tables 
of  uniform  height  were  brought  in  to  the  room.  This  enabled  pupils 
to  work  individually,  or  in  groups.  Also  by  grouping  the  tables 

it  was  possible  to  work  on  large  charts,  maps  and  projects. 

2.  A large  L- shaped  counter,  four  feet  high  and  two  feet  wide, 
fitted  into  a corner  of  the  room.  This  served  as  an  excellent  place 
to  locate  the  classroom  library  and  references  books. 

3.  A long  narrow  table  was  requisitioned  to  serve  as  a magazine 
section,  pending  the  construction  of  a more  suitable  piece  of  fur- 
niture . 

4.  A bulletin-board  was  constructed  by  the  manual  training 
department  and  covered  nearly  one  side  of  the  room. 

5.  The  drawers  of  a large  general  science  storage  cabinet  served 
as  storage  space  for  bulletin-board  materials. 

6.  The  room  was  already  equipped  with  a good  lineoleum  floor; 
also  translucent  and  opaque  shades  on  the  windows  for  visual  ed- 
ucation work. 

7.  Arrangements  were  made  with  the  English,  shop  and  art  teach- 
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ers  to  admit  students  for  help,  or  individual  work,  on  various  pro- 
jects. Incidentally,  these  rooms, and  the  central  library  of  the 
school,  were  located  near  the  general  science  room.  Many  pupils,  in 
a responsible  way,  availed  themselves  of  the  opportunity  to  use  these 
departments  in  completing  their  work.  The  cooperation  of  the  pupils 
and  teachers  was  excellent. 

8.  Permission  was  obtained  of  the  proper  authorities  to  remove 
entire  sets  of  science  encyclopedias  and  books  pertaining  to  the  Fub- 
ject  matter  of  the  unit  from  the  central  library  of  the  school  to  the 
class  room  for  the  duration  of  the  unit.  The  two  town  libraries 
cooperated  by  compiling  a large  set  of  books  on  the  unit  materials 
and  placing  them  in  the  classroom  library.  Magazines  and  other  lit- 
erature were  supplied  by  the  pupils  as  they  helped  to  build  up  the 
classroom  library. 

(9).  Arrangements  were  made  with  the  sound-film  libraries  for 
exact  booking  dates  of  the  films  to  be  used  in  the  unit* 

(10).  A small  cardboard  file  was  strategically  located  to  main- 
tain the  optional  related  activity  cards. 

The  laboratory  phase.—  At  the  beginning  of  the  laboratory  phase 
each  pupil  received  a mimeographed  study  and  activity  guide.  The 
technique  of  using  the  study  and  activity  guides  ha^  to  explained 
for  the  first  unit  only. 

The  enthusiasm  of  the  classes  and  the  ease  with  which  they  changed 
their  mode  of  work  was  both  a surprise  and  a revelation.  Each  day, 
as  the  students  came  to  class,  they  would  gather  their  folders  and 
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materials  and  proceed  toward  their  chose^  goals.  The  economy  of 
class  and  teacher  time  effected  here  was  noteworthy. 

The  evaluation.—  The  results  of  the  unit  method  used  in  teaching 
the  topic  The  Heavenly  Bodies  may  be  shown  in  several  ways.  First, 
a home-made  objective  test,  revealed  that  the  time  was  profitably 
spent.  All  pupils  passed  the  test  with  unusually  high  grades.  As 
an  additional  check  on  attitudes,  appreciations,  and  ideals,  the 
pupils  were  asked  to  submit  in  es3ay-form  a written  comment  on  their 
reactions  to  the  unit  and  its  method  of  study.  Nearly  all  pupils 
responded  at  length,  and  a few  of  their  comments  extracted  for  in- 
clusion in  this  report  show  that  the  outcomes  resulted  in  more  than 
fact  learning. 

" I am  now  able  to  tell  a planet  from  a star,and  before,  I thought 
they  were  all  the  same.  I really  like  to  go  out  and  look  at  the  sky 
at  night. . . ." 

” I have  never  in  my  life  seen  a planet  in  the  sky,  but  now  since 
studying  astronomy  I*ve  seen  some ,watched  them  travel  across  the 
sky. ...” 

"Its  awfully  nice  to  look  up  in  the  sky  and  not  just  see  stars...." 

" I can  go  out  and  look  at  the  sky  and  point  out  certain  con- 
stellations by  name  and  tell  where  the  planets  are  located, and  am  able 
to  distinguish  a comet,  meteor,  meteorite...." 

" I used  to  think  the  earth  was  very  much  larger  than  most 
planets...." 


it 


The  more  you  learn  about  space  the  les3  important  the  earth 
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seems* . . . " 

" It  is  now  interesting  to  watch  the  stars  at  night  and  see  how 
many  different  constellations  you  can  find....', 

" I think  the  most  interesting  thing  was  about  the  moon  and  its 
effect  on  the  tides....,, 

” I liked  the  part  where  I learned  that  we  receive  very  little 
of  the  sun’s  light,  yet  we  get  a lot  of  energy  from  that...." 

"I  have  enjoyed  all  parts  of  this  unit  and  found  it  extremely 
interesting.  I have  read  several  books  on  astronomy...." 

" Seeing  the  sun  spots  through  a negative  gave  me  quite  a thrill.. 

ft 

• • 

" I give  God  more  credit  now  because  to  plan  the  whole  universe 
in  such  a scientific  way  with  everything  contributing  and  taking  its 
part  in  a smooth  running  order  is  almost  unbelieveable. . . ." 

" I spend  a great  deal  of  time  wondering  about  li£e  on  other 
planets  and  what  it  might  be  like  if  it  existed...." 

" The  study  of  the  universe  makes  me  think  about  the  universe 
as  I never  have  before  and  as  each  bit  of  knowledge  is  added^a  great- 
er desire  for  more  arises  in  me.  There  are  still  many  questions  in 
my  mind  to  which  I shall  try  to  seek  the  answer...." 

The  Earth’s  Surface  unit  a3  an  experiment.— The  Earth’s  Surface 
unit  was  planned  and  presented  under  the  controlled  conditions  of  an 
experiment,  ^he  purpose  of  the  experiment  was  to  determine  the  effect 
produced  by  the  unit  method  on  the  amount  retained  as  shown  by  the 
gain  in  points  made  on  a home-made  objective  test.  Normal  teaching 
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conditions  were  maintained  in  all  four  divisions  so  that  results  ob- 
tained would  be  such  as  would  be  gotten  if  the  class  were  being 
taught  by  that  particular  method  but  not  for  the  purpose  of  an  ex- 
periment* 

The  relative  effect  of  the  unit  method  on  the  following  outcomes 
have  been  considered  by  this  study:  (1)  information,  (2)  interest  of 
pupils,  (3)  economy  of  time,  (4)  resourcefulness,  (5)  scientific  think- 
ing , (6)  individual  differences  (7)  economy  of  money,  equipment  and 
supplies,  (8)  traits  of  pupils. 

Certain  variables,  that  should  have  been  held  constant,  have  been 
allowed  in  the  experimental  situation.  There  is  evidenoe  which  in- 
dicates that  the  general  results  were  possibly  influenced  in  some  in- 
stances, by  such  factors  as  the  time  spent  in  teaching  by  the  unit 
method  as  against  the  time  spent  in  teaching  by  the  traditional  single- 
textbook method;  age  of  the  pupils;  year  in  school;  bright  or  slow 
pupils;  previous  science  studied;  time  of  day  when  class  periods  were 
held  (period  before  lunch  and  period  after  lunch);  temperature  con- 
ditions; previous  mental  work  on  day  of  tests;  reading  abilities  and 
language  difficulties  of  the  pupils;  enthusiasm  of  the  teacher* 

In  order  that  normal  teaching  situation  be  obtained,  no  effort 
was  made  to  equate  any  of  the  four  divisions  as  to  ability  or  capacity 
of  the  pupils* 

In  the  experiment  the  pretest  used  was  administered  after  the 
teaching  and  learning  had  been  done,  and  the  differences  between  the 
scores  made  on  the  pretest  and  the  scores  made  on  the  aame  test  after 
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teaching  were  compared.  (See  Table  1). 

In  summary,  the  following  results  can  be  reported  as  favorable  to 
the  unit  method  of  teaching  (1)  the  majority  of  the  pupils  liked  it, 

(2)  the  work  that  was  completed  in  and  out  of  class  was  of  good  quality, 

(3)  individual  differences  were  provided  for  in  the  variety  and  number 
of  core  and  optional  related  activities,  (Perhaps  the  most  outstand- 
ing thing  about  unit  method  teaching  is  that  it  takes  the  teacher  to 
where  the  help  is  needed,)  (4)  the  trait  of  self  reliance  was  develop- 
ed better  as  many  pupils  seemed  to  relish  working  out  their  own  prob- 
lems, (5)  the  unit  method  was  more  expensive  as  compared  with  the  single 
textbook  method,  however,  in  the  long  run  a saving  could  be  effected  as 
necessary  teaching  materials  accumulated  year  after  year,  (6)  fewer 
failures,  (7)  much  cooperation  and  purposiveness  to  the  class  work  at 
hand. 

In  terms  of  the  teacher,  he  found  that  (1)  wide  and  thorough 
knowledge  of  the  subject  was  necessary,  and  particularly  a large  file 
of  references  for  each  activity,  (2)  the  importance  of  establishing  a 
definite  time  for  the  pupil  demonstrations  and  committee  reports  during 
the  "poo ling-of-experiences'1  phase  of  the  unit,  (3)  more  pupils  feel 
free  to  come  to  teacher  for  advice  and  instructions,  (4)  pupils  ap- 
preciate the  individual  attention  extended  by  the  teacher  and  as  a 
consequence  put  forth  their  best  efforts,  (5)  pupils  are  found  to  be 
very  resourceful  when  it  comes  to  preparing  exhibits  and  apparatus, 
and  the  like. 

The  unit  method  calls  upon  both  pupils  and  teacher  to  extend  them- 
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selves  in  planning,  preparation  and  thought.  All  this  work  is  not 
•without  its  compensations  as  one  -witnesses  the  educative  growth  of 
pupils  via  the  problem  solving  route. 

Table  1.  Condensed  summary  of  test  results  given  at  the  begin- 
ing  and  at  the  termination  of  the  unit  assignment  on 
the  topic  THE  EARTH* s SURFACE. 


Test  results  in  No. 
of  errors  made  on 
pretest,  (range). 

Test  results  in  No.  of 
errors  made  on  final 
test,  (range). 

Class 

Lowest 

Highest 

Lowest 

Highest 

Section  1. 

36 

87 

8 

61 

(33  pupils) 

Section  2. 

37 

1C9 

2 

86 

(24  pupils) 

Section  3. 

52 

93 

22 

66 

(20  pupils) 

Section  4. 

35 

95 

11 

75 

(28  pupils) 

Nearly  all  students  made  fewer  errors  in  the  final  test  as  compared 


with  the  pretest  scores.  In  the  four  classes  pupils  with  originally 
poor  scores  made  from  24  to  35  less  errors  after  study  of  the  unit. 
The  pupils  with  originally  good  scores  made  an  improvement  of  from 
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20  to  27  less  errors.  Indicating  that  the  unit  was  geared  to 
challenge  the  brightest  student  to  work  to  capacity  and  that  tho 
unit  was  not  too  difficult  so  as  to  discourage  the  slower  pupil. 
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